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ABSTRACT 

The recognition of the potential health ha^ardi frorn exposure to 
asbastQi fiber and the increasing use of this mineral in many producte 
over the past ieveral decades has prompted the U.S. Environmental Pro-^ 
teotion Agency and other federal agencies to enact regulations for its 
safe handling to protect the publiCj the anvironment and the worker. This 
% document ia prepared for those involved iti the uses removalj and dispoaal 
of asbestos materials in the building tradei. 

Asbeatos in all ita forms is considered a aerioua respiratory haeard . 
Individual fiberi are invisible to the nalced eye and their STnell sige gives 
them prolonged buoyancy even in still air, Unlike tnost chemical carcino^ 
gensV the mineral fibers persist in the environment alfnost indefinitely 
and, when present in a building space open to its occupantSs represent a 
continuous source of eKposure* From a to^icological perspective i the 
latency period before onset of clinical signs is typically decades leading 
to a difficulty in linking cause and effect* Since the beginning of the 
century, asbeatos has been used as a major constituent or an important 
additive to many consumer products so that there are many sources of eKpo*- 
sure to the general public. In the past few tens of years several asbestos 
products have been sprayed on structural steel for fireproofing or have been 
sprayed as decorative coatings on ceilings* 
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With a view toward controlling cxposurea to the publiCj guidelines are 
preientid for the detection and fnonitoriTig, ramoval or eneapiulation, and 
diipoaal of aibaitos"^containing building matsriali, Meaaufei available 
to protect werkers and building occupants are preiented baaed on field 
maasureinents and theoretical conaideratiotis. Sampling procedurag are 
diacusied so that the user of this document can take an active fple in 
datermining whether protective action is needed and, if so, how beit to 
protect himself J the public, and the environment. 
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ASBESTOS: BACKGROUND , ENVIRONMENTAL CONTAMINATION, 
STANDARDS, AND ANALYSIS 




INTRODUCTION 



1*1 mTURE OF ASBESTOS 

In recent years , there has beeii am Iticreaatng awarenasa of the Inipor-' 
tance of eavlroOTental factors In carcinogenesis. Asbestos hai become a 
widespread environmental contamtnant for large Bagments of our society, and 
has caused fibrosii and malignancies of the iMg and other organs* 
The mineral fibers resist degradation^ and periiat in the environ-- 
ment. Because of ftbrous form and amall ilie they poesees the aerodynamic 
capability of prolonged suspension In air and repeated cyclea of reetitraln- 
ment. Asbestos fibers , even in low eoncentratloiis may have carcinogenic 
potential, and a biologic activity that nmy ptrilst for the llfetinie of an 
exposed host. 

Asbestos ts a generld tern applied to a wide chemical variety of 
naturally occurring mineral silicates which are separable into fibers . The 
six tnajor recognized species of asbestoe minerals are chrysotlle of the 
ierpentine group ('*white asbeitDi"); and cuffltnirigtonite'^gruTierite asbeatos 
(also amosite or "brown asbestos"), crocidolite ("blue"), anthophyllite 
asbestos, treriioHte asbestoa, and actlnolite asbestos of the ainphibole 
group. Specific attributes and characteristics vary with the different 
typeS| but the CQmaercially valuable asbestos roltierals * in generals form ; 
fibers which are incombuatiblej possess high tensile strength, good i^::.::^.:/'' 
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electrical-;insulatiTig properties, and moderate to good "'^"^r ^ 

1-^^ mfly be packedj woven, or sprayed. These char- 



■,:sfitMtiiiiQB, of durability, f lexibility , atfengthj and resistance to waar 
inaKe aabeatoi ^ell/-iuited for an astimatad 3,000 separata commercial ^ 
public, and industrial appUcations . ^ These includa roofing and flooring 
products; fireproof ing textiles; friction products 1 reinforcing material 
in cement, pipes, sheeti, and coating materiali ; and thermal and acouitical 
insulations. Asbestos has ^^idaspread application in all induatrtal so-- 
cietiea and is a nearly indispaniable and ubiquitoui material ^^""^ 

Historically, asbeatos remained a curiosity for centuriaSj with negli^ 
gible production until the beginning of the 20th cintury when it was used 
aa thermal insulatioti for steam engines. Worldwide production of the ^ 
mineral now approaches 5 million cons annuallyj with chrysotila the priii"-= 
cipal fiber type»^ Annual United States consuniption is approKitnately 
900,000 tons, with more than 70 percent used in the construction industry* 

It has been estiinated that a majority (85 to 92 percent) of end-product 
uses have effectively itninobili^ed the aibestos fibers by mixing them into 
a strong binding material ; e.g.^ cement.^ Fibers are still liberated, 
h^ovgeverj during fabricatini operations such as grinding, milling or cuttirig. 
The raniaining 8 to IS percent is in a form that t^ill more readily permit 
fiber sHsseminat ion, such as friable insulation material or bagged fibers 
for miKing* 

1 a SPa^Y M»PLICAT10N OF ASBESTOS 

Of the many uses of asbestos j the technique of spraying fibers onto 
structural surfaces has been perhaps the most significant in causing asbes^ 
toe exposure to cons truct ion workers during application and to the ganfiral 
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'population thereaf tar. Such matiriaLi in looieLy boaded friable form, KaS;^|| 
been applied extanaively to steelwork to retard atruetural cpllapae during. 
fire, and to overhead surfaces for purposes of acou insu--;-^^^^^^ 
latiotii decoratioTij and condensation control* v c 

Spray application of asbeitos fiteproofing and insulating material 
began in England in 1932, Spray applieation offered the advantage of 
rapidly covering large or irregular surfaces evenly and efficieriLtly with-' 
out the use of Tnechanical support or extensive surface preparation. Early 
gpray appliQations in the U^S, were mainly for decorative use and acoustical 
insulation in ceiling material in clubs and MStiurants. In 1950 more than 
half of all multistory buildings constructed in Che U.S. used some form of 
iprayed mineral fiber fireproof ing, ^ In 196S fireproof ing alone accounted 
for 40,000 ton! of sprayed material,® 

The health hazards of apray application of asbestos to spray operators, 
other construction workers ^ and the general public in the vicinity of such 
operaciona were recognised and doeuwented,^ Because of these hazards, the 
Hew York City Council banned spray application in 1972.^^ Other cities 
and states followed suit^ and in 19 73 the U,S, Environmental Protection 
Agency (EPA) banned spray application of insulating or fireproof ing material 
containing more than 1 percent asbeitos by weight,-^ Decorative materials 
t^ere not included in the banj and this omisaion pertnitted soine continuing 
application. One eKample involved all overhead surfaces in the large 
(12O0 unit) condotninium compleK using a friable mixture of 30 percent 
asbei tos , 

On March 2^ 19 77, EPA proposed an amendnient to the national emission 
standard for aibestoa, Thise ainendments would extend the spraying 



reacrictions Co all matarials which contain more than 1 percent aebes cos 
by weigh c. 

Numerous substitutes for sprayed asbestos niaCerials are currently- 
available.^^^ Most spray TnaCeriala currently in use contain fibrous glass 
ox nonasbestos mineral fibers along with cement, gypsumj or other binders 
similar to those used for asbestos* These materials can be used for fire^ 
proofing j thermal and acoustical insulations and decoration* 

The pDssible carcinogenicity of replacetnent materials, especially 
fibrous glasa, is under investigation. The physical dimensions of glass 
fibers are much larger than asbestos fiberSj and currently there is no 
epidemiologic study demonstrating carcinogenicity of this product* Recent 
experimental work has indicated carcinogenic potential of fibrous glass 
with dimensions reduced to approximately the size of asbeatos fiber, ^® 
and similar findings with other minerals may occur in the future* 

1.3 POTENriAL FOR ENVIRONMENTAL CONTAMINATIOM 

Environmental contamination from aabistos-containing surf aces can 
occur not only during construction and demolition^ but also throughout the 
life of the structure. Frequently these surfaces are exposed or acceisible 
(see Figure I-l-^l), They can include open and visible sprayed ceilings, 
wallgj or structural memberSj or surfaces hidden by suspended ceiling sys^ 
teins accessible to maintenance personnel. 

The proportion by weight of asbestos in asbestos^containing material 
found in sprayed ceilings or overhead surfaces is generally in the 10 to 
30 percent range but may vary from eisentially none to nearly 100 percent. 
The remainder may be fibrous glass j various other fibers , and adhesives* 
As in other uses, chrysotile asbestos is the most cominon fiber type. 

■ ..: : j .. ,:: . .jyu 



Although the spraying of friable asbes toa-concaining materials in 
construction has all but ceased, sprayed material within axis ting iCruetuffei 
ramaina a potential widespread aourea of asbestos fiber axposure* Although 
eKact figures are not available J if it is asaumed that spray applieation t^ai 
a conrnion practice from 1958 to 1973, and that fireproofing was the wajDr 
use of this materialj a conservativi order-of-ina^nitude estimate of the total 
amount of asbeatos sprayed over thia period would be 500,000 tona* It is 
indeed possible, therefore that sprayed aabestoi material within buildingi 
Wy beConi^ the most significant source of environmental asbestos c&ntaml^ 
nation in the future* 

Considering the large nuflAer of people that may be exposed, their 
range in age and habits, such as smoking, et^.^ and the lack of feasible 
nieans of personal protection, this potential source of asbestos expostire 
CQuld be significant, It is the purpose of this document to dif scribe the 
potential hazards to the public from this source and present rational 
alternatives for its control* 
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2, ASBESTOS CONTAMINATION OF THE ENVIRONMENT 



2.1 ASBESTOS FIBER SIZE AMBIENT COMMUNITY CONTAMINATION 

During mining^ milling, bagging, or apraying, the processing and dis-- 
turbance of asbaatiform minerals can result in the release of fibers and 
fiber bundles ititQ the envirotiinent* Asbeatos fibers, reiiatant to degrada- 
tidn by thtrinal or d^emical means , alio reniain available for release into 
the environnient f roim any source, especially from looiely-bound asbestos-- 
containing materials. As ahown in Figure I-2--1, dispersed asbestos fibers 
have a length range iTom ImB than 0.1 micrometers (ym) to some tens of 
micrometera. This size range of asbeatos fibers pointi out t^o significant 
attributes: aerodynamie capability and respirability, Ihe fibers can 
become suspended in air, and thus are available for riiipiration , and re-- 
tention in the lung. The fibers may alio enter. the gastrointestinal tract 
directly and via the lung clearance mechanism. 

Studies of urban ambient air using electron microscopy have shown 
that asbestoa concentration levels are generally below 10 ng/ttfl , and rarely 
exceed lOO ng/m^,* Mean asbeatos levels in 49 United States cities were 

In this docuinent, asbestos concentrations are expressed as a specific wea.ght| 
(i*e,, nanograM per cubic ineter) when determined by electron microicopy; and 
as the number of fibers per cubic centimeter Cf/cm^) ^en measured by phase ; - 
contrast micros copy i Depending upon the laboratory p results of asbestos J_ 
yses by electron microscopy may be reported on a weight basis, as the numbeir i 
of fibers presentj or both (see footnote on page I-4-7), ' ".^ 
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found to be :4.3. ng/m^ in 1969, and 2.1 ng/m3 in 19 70. Higher urban read- 
b^irigs aceurred' i communitiea i/ith asbestos emission sources such as f ac- ^ 
tories and near construction sites where asbestoa spraying was in progress, 
A level of 0*1 ng/m^ was found in a single nonurban sarnp la, ^ j -^,"^^ 

2.2 ASBESTOS FIBER AERODYNAMICS 

An asbestos fiber j once releaied into the air by any means j will 
enter a phase of downward settling determined in general by its mass ^ form, 
and a3cis attitude* The range of these fiber characteristics strongly af^ 
fecta settling velocities and hagard potential since those fibers able to 
remain aloft for many hours have a higher exposure probability than rapidly- 
settling fibers. Settling velocity is strongly dependent upon fiber diam^ 
etar and to a lesser extent upon fiber length* Figure I^2^2 showi the 
theoretical eettling velocities in still air for fibers of varying sizfij 
alignments a^d aspect ratio. Mote the tendency for a roughly twofold set- 
tling between horizontal and vertical fibers. The matheTnatical derivation 
of this graph is presented in AppendiK B. 

The theoretical settling curve data presented in Figure 1-2-2 are in 
close agreement with actual settling data obtained under working conditions. 
By way of eKamplej fibers 1 to 5 Urt in length with an aspect ratio (length 
divided by width) of roughly 5^1 would be conmion in material dispersed 
from overhead insulation in buildings, settling velocities for fibers 

5 J 2, and 1 ym in length with 4 5il aspect ratio and with an axis attitude 
varying between vertical mi horizontals would be 2 10"^^ 4 >^ 10^^, and 
10^3 J respectively. The theoretical times needed for such fibers to set- 
tle from a 3 meter (9 ft) ceiling are i^, 20^ and 80 hours in still air . 
Turbulence will prolong the settling and also cause reentrainment of fal'= 
len. fibers p' 

1-2-3 




Figute 1-^2-^2, Theoretical settling velocltlsi of fibers. 



-- During the tiine that thei fiber remainskairborne, it is able to 
move laterally;;;with airvCUrrBnts and cohtaminate spaces distant from the , 
: p6infc>6f(reiease. Significant levels of contaTnination have bean documented^' 
hundreds of TO tera from a point source of asbestos fibers and fibers 
may also move acroas contamination barrier systems with the passage of 
workers during removal of material.^^ . : . ; J. ;r 

2.3 ASBESTOS CONTAMINATION IN BUILDINGS 
2.3,1 Baiic Conceptg 

Asbestos fiber contamination of a building interior occurs by three 
general modes; fallout, contact or itnpact^^^ and reen trainmen t* Considera"* 
tion of each mode of contaminant entry and fiber aerodynamics is useful in 
exposure risk evaluation and the ^election of solutions* Fiber fallout 
is in great part a consequence of the characteristics of the ceiling ma^ 
terial itielf, whiXe contact Cinipact) and reentrainment (secondary disper-- 
sal) result from activity within the structure, Aa outlined in Fig- 
ure 1-^2^3, each of the three distinct modes has a characteristic rate of 
fiber dlaperaal* 

Fallout 

The rate of fiber dispersal in fallout Is continuous , low level and 
long lived. Fallout may occur without actual physical disruption of the 
fiber-bearing tnaterial and may simply be a function of degradation of the 
adhesive. Variations in the fallout rate (R^) are due to structure vi- 
bration, humidity variationi, air movement from heating and ventilating 
equipment^ and air turbulence and vibration caused by human activity. This 
rate may also gradually increase due to aging of the adhesive component 
of the materials ranging from nearly ^ero for cementitlous mixes in good 
repair to roughly 100 ng/m^ for datariorating dry mix applications. 
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Figure 1-^2^3, Modes and rates of fiber dispersal. 



Contact : : : ■ ^'"-w V;S|- 

Friable sprayed: asbestos sur have low impact resistance and are "- 

;;.easily damaged. Even rulnor physical contact can result in fiber release 
into the environment* Such contact may be Intentional and unavoidable 
during maintenance activities ^ accidental during routine activity, or de- 
liberate through vandalism. Contact contamination depends rather simply 
upon accessibility and the probability of contact, the function of the 
structurei and the activities of the users. 

The contact mode of fiber dispersal produces the highest release 
rates (R^) * The fiber contamination level during even routine inalntenance 
and repair activities may exceed 20 f/cm^, and removal of dry sprayed as- 
bestos material can yield fiber containinations of over 100 f/cm^.^O 
Reentr_a inment 

The reentrainment of fibers that have already fallen onto Interior 
aurfaces repeatedly causes contamination of the environment, as disturbance 
of these settled fibers causes resuspension in the atmosphere (R^) * A 
fiber released from an overhead sprayed surface may participate in repeated 
cycles of resuspension and settling. 

It is possible to have fiber counts as high as 5*0 f/cm^ in activi- 
ties such as custodial work. These custodial activities may result in 
significant levels of contamination and give rise to significant eK= 
posures. In a university library with a deteriorating sprayed asbestos 
Ceiling, custodians were continuously dusting over a mile of shelving 
and generating an average of 4*0 f/cm^ contaniination level for themselves 
and 0.3 f/em^ for nearby library users, ^0 



2.3 •2 Airborne AsbestOi CQncentratlQns 

Table 1-2^1 presents data from studies on aibestos contamination in 
ibuildinga. Consistent with the basic concepte outlined above, under 
quiet conditions contamination levels are 1qw| under conditions of general 
activity an increase is seen; and contact and reentrainment create rela- 
tively high contamination levels. If friable sprayed surfaces are dls== 
turbed or damaged for any reason ^ fibers are released into the environ- 
ment. Even the machining or cutting of cementitious asbestos, for exam- 
plei can release fibers in excess of the OSHA celling limit of 10 f/cm^.^S 

Exposure probabilities for both workers and building users can be 
esttoated to some degree by consideration of the three modes of contami- 
nation and the general activity within the building. Quiet activity refers 
to background conditions within a structure or it may represent the usual 
activity level in an area with low probability of either contact or reen- 
trainment of asbestos. Under these conditions contamination levels may 
approach the fallout rate and be negligible. For buildings with deterio- 
rating asbestos materialjhoweverj quiet activity contamination levels 
may be significantly higher than outdoor ambient air levels. Studies that 
have Included quiet activity condition testing have found levels from 
near the fflnbient background to approxtoately 100 ng/m^ by ^^e^ micro-* 
scopyi^® and 0,02 f/cm^ by optical microscopy. Deteminatlon of asbestos 
contamination levels during periods of quiet activity conditions are ex- 
trenely misleading in the estimation of actual exposure eince only fallout 

Of] ■ 

or stoilarly low rates are seen. 

Routine activities in a structure containing sprayed asbestos sur- 
faces will usually result In el- -ated fiber levels. Although statlstieally 
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Table AIRBORNE ASBESTOS IN BUILDINGS 



Sampling candicLani or eicuatidn 


Hein counti 
( f /cm- ; 


Niimber of 
lafliplei 


ilandird 
deviitidn 


u 


UnLveraiey dorTTiitory, UCLA^ ^ 

ExpQicd friable HurfsccSi 901 flmosite 
□onufo I ytuHdnB iiECiviciGg 


0. 1 




0 ts 0i8 
(ranged 


2, 


Arc ond AfshiCE^Cury Duilding, Yale 
201 ehrysstilp 










Afflbicnc aitf City ot New Havyn 


0.00 


12 


0,00 




F»il lout 










Qu let Crjnd ilions 


0.02 


15 


0.02 














Clennin^i moving bnoka in Htnck flri^i 


15.5 


3 


6,7 




Kulainping light fixtures 


1.4 


2 


0.1 




Romriving coiling s^ctien 


17.7 


3 


8.2 




InHtflllin^ track light 


1.7 


6 


2.9 




{nstnlliiig hanging Hghta 


hi 


S 


0,8 




initnlling parElEinn 


3. I 


> 


i^i 




Reuntf a inmnnt 










Cusl5di*!in§ sweep ingj dry 


1.6 


5 


0,7 




Puflt Ing , dry 




6 


1*3 




Proximal to eluaning {byitonder sMpdSurs) 


0.3 




0.3 




General Activity 


0.2 


36 


0,1 


3t 


Office buiUlingi, EaBterfl ConneQ Eicut' ^ : 
Exposed friabli? enllingit 5 te 301 
chrygQC lie 










Gu8te<li^l jietivirios, heavy duiting 




; 8 


i .6 


4. 


Prlvatp hnmoHj Connyet icut - ^ 










UumaLning ptpH lagging (dry) amssite 
and chry^ncLln ii^bosto^ 


4. 1 


8 


1.8 to 1.8 
(range) 


5* 
6. 


L.iundry: EontaminaCed clsthing,^^ Chrysotile 

Office building, Cgnnic t leut . 
Exposed sprayed ceiling, 18% 


0.4 


12 


0.1 to 1.2 
(rangi) 

i 




Rout Lne .ictlvity 
Undor Ashoitos exiling 


79" 


3 

2 


40 to no 

(range) 




KrRiriCn frtMii nsbeiCos ceiling 


40^ 


I 






Urban Grflmmar School, New Haven^-^: 

Expn^ed enilirig, 15% ehryiotile Aibigtos 








A. 


. CuaCodial Activity: swoepingi vaeuuming 

Apartment niiilding! New Jeriey, heavy 

heuickDeping. Tremelitt and chryiOtile, 


643^ 


2 
1 


186 to 1100 
C range) 




Office hiiildingsp Kew York City J ^ ' ^ * 










ApbeSCos in Ventilation iyilems 
Quiet conditions and routine; nativity 


2.S to 200- 




0 to 800 
(range) 



^Nfinograma/cuhfc mfttrr, Deterfnined by electron mieroacopt. 



significant p fiber levelg may only be a few ordera of magnitude above 
background levels in the hundredi of na/m3 range by electron microacopyj 
and 0.2 f /cm^ optically*^^ Routine activity may also t however , result in 
significant and intense contamination, A school population in a building 
with acceasible sprayed aabestos surfaces may experience significant en- 
vironmental contamination with exposures in the 10 to 50 f/cm^ range*^^ 
Increased fallout » occasional contact , and reentraimnent may all contribute 
to the highly variable fiber levels found under these activity conditions. 

Custodial work will result in the disturbance and reentralnment of 
accumulations of asbestos fibers released from sprayed surfaces by fallout 
and contact* Exposure from reentralnment Is high during custodial activity 
with variation depending upon both cleaning methods and proKlmity to the 
respiratory Eone of the worker* Resulting levels may exceed OSHA occupa- 
tional eKposure limits*^^ 

Maintenance work such as replacement of light bulbs may involve direct 
contact with sprayed asbestos surfaces and result In significant fiber dis- 
semination. Such activities may also result in exposures that axceed regu- 
latory limits established by OSHA, One studyj for example , showed main- 
tenance worker expoiure above 20 f/cm^ in a university building with ex- 
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posed sprayed asbestos ceilings*- ■ 

Removal o£ sprayed asbestos surfaces during renovation not only causes 
high contamination levels for the duration of the work but also increases 
the released fiber burden within the structure that is available for sub- 
sequent reentrainment i In such cases, exposures involve the renovation 
worker and the routine building user as well* Both contact and: reentrainment 
release mechanisms are involved with very high levels occurring during actual 
contact. Fiber concentrations can exceed 100 f/cm3. 



Razing of a itructure can result not only in high level local conta- : 
minatlon, but can cause fiber contamination of the surrounding community 
due to the aerodynaraic capability of the asbestos fiber* This type of 
activity is of great significance J but is beyond the scope of this report 
and la not considered further* The potential for continued expoeure re- 
mains following a defliolitlon operation if proper housekeeping or clean--up 
proeeduras are not followed. The operation cannot be considered complete 
unless the material removed Is adequately sealed In bags and Is disposed 
of in an approved sanitary landfill as required by EPA regulation^ 

2,4 ASBESTOS-RELATED DISEASES 

Asbestos fibers find entry into the body by Inhalation and ingastlon. 
The retained mineral fibers are found in tissues throughout the life* 
time of the host I even long after cessation of eKposure*^2 >23 guch asbestos 
fibera found in huinan tis sues are generally undetected by optical mieroi- 
copyi and require an electron microscope .^^"^^ Fibers may migrate to other 
organs following retention in the lung* Asbestosls and certain malignancies 
are related to exposure to fibers of the asbeitos minerals, Asbestosls Is 
a progressive restrictive pulmonary fibrosis associated with Inhalation of 
asbestoi fibersi and is a classic occupational disease. 

Malignancies related to the inhalation and ^p of as- 

bestos fibers by epidemiologic studies include carcinomas of the lung, 
meiotheliomas of the pleura and peritoneum^ and nneoplaims of other 
sites. ^^"^^ Asbestos has a potent cocarcinogGn effect with cigarette 
smoking in carcinoma of the lung. Asbestps workers who are smokers have 
over 90 times the risk of noneKposed nonimokers ^'^^ 



Both the presence ef asbestoais and occupational aibestos exposurei 
have been linked with the incidence of malignancy However, studied 
of the Incidence of eaceesi malignancies and the epidemiologlG marker a of 
pleural calcification and mesotheliomas have shown a much wider scope of 
asbestos-related malignancy .^^^^^ The population at risk Includes not 
only those engaged in the manufacture and use of asbestos products, but 
also bystanders and others limited to neighborhood and familial exposures 

DefJjiltion of the relationship of low levels of asbestos exposure and 
carcinogenesis remains uncertain and difficult. The eKtended latency period 
lack of adequate past exposure data, effect of other carcinogenic and 
variability of human response makes the quantification of risk approximate 
only. Asbestos-related malignancies exhibit latency periods of 20 to 40 
years and may follow exposures of much less duration and magnitude as seen 
with aabestoiiat^^^^^*-- 

Excess malignancies have been foutid In proKlmity to emission sources 
and in households of asbestos workers. In these cases the expo-- 

sures ieem to have bean variable and generally low (about 100 nanograms/ 
m^), IS Asbestos fiber contamination levels within or exceeding these 
ranges have been documented near building sites using sprayed asbestos , r 
within a university building with sprayed asbestos ceilings,-^ in offices, 
schools i and apartment buildings with exposed friable asbestos ceilings, 
with use of materials such as spackling compound and near roads and other 
areas covered with asbestos'-containing crushed rock, ®^ This indicates con-- 
tinuing environmental contamination and exposure to asbestos at levels con- 
sidered carconogenic. An expanding population at risk has been identified 
by these findings of widespread exposure. The impressive annual asbestos 
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prQducCion and evidence of urban environmental contamination has led ob-^ 

servers to conclude that the incidence of asbeitos-induced malignancies 
has only begun to be defined,® |23*2tf , 64-66 
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3, EXISTING STANDARDS 

Governmant regulations pertaining to sprayed asbestos materials have 
been Issued at the fadaral level by the U,S . Envtronmantal Protection 
Agency and the Occupational Safety and Health Adminiacration , U*S* De^ 
partment of Labor. Some state and local government untts have alao de= 
veloped regulations pertaining to these materials * The OSHA Standard for 
iKposure to Asbestos Dust was published in the Federal Register, 
Vol. 37* No. 110, nn June 7, 1972 (29 GPl 1910*93a). This standard was 
recodified to 11910.1001 in the Federal Register dated May 28 j 1975.^® 
The regulatlQns apply to handling asbestos fibers or material containing 
asbestos fibers, including removal procedures. This atandard for occupa- 
tional exposure defines peralssible exposure llnii methodi of compliance 
with regulations, personal protective equipment including clothing and 
respiratory protect ioni methods of measurMant of airborne asbestos fibers, 
signs and labels warning of asbestos hazard * housekeeping methods far fiber 
control and waste disposal^ recordkeeping for monitoring and exposures ^ 
and medical examinations. 

The regulations originally stipulated a maximum exposure of 5.0 fibers/ 
cm^ greatar than 5 ym in length over an 8=hour period on a time weighted 
average (TWA) basis. A maximum of 10*0 fibers/cm^ for a 13-minute sampling 
period was the allowed any^tljie excursion* On October 9> 1975 OSHA 
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= propoied a limit of 0.5 f/cm^ TWA and 5*0 f/cm^ maximum excursion over a 

15-minute period and on July 1, 1976 the original requirement in the regu-- 

lation was reduced to 2»0 f/ctn^ with the maximuin excursion pertnitted re-- 

maining at 10.0 f/cm^.^^ Most recently, the National Institute of Occupa-^ 

tlonal Safety and Health proposed to OSHA a further lowering of the TWA 

limit to 0.1 f/cm- TWA with 0*5 f/cm^ as the maximum permiseible any-time 

excursion, These numericar limits are based partly on limited studies 

of asbestos carcinogenesis and it is possible that lower exposures may be 
significant.^^ 

Regulationa promulgated by the U*S, Environmental Protection Agency 
on April 6, 1973, apply to the renovation or demolition of acructures con-- 
taining asbestos and Co the spraying of asbestos materials The national 
emias ion standard for aibestos^^ specifies procedures for removal and 
stripping of friable sprayed asbestos fireproofing and insulation materials 
and requires EPA notification that such removal Is to take place. The 
required work practices include wettingj containmentj container labeling 
and disposal of the removed material in an approved sanitary landfill. 
Fiber levels are not specified but the regulations require that there be 
no visible emissions eKter lor to the structure. 

spray application of asbestos material for fireproofing and in- 
sulation is prohibited where the material contains more than one weight 
percent aabescos. Decorative materials were not included in the ban^ how- 
ever/ and this omission has permitted some continued application* One 
example includes all overhead surfaces in a large (1200 unit) condominium 
complex using a friable mixture of 30 percent asbestoa,^^ 



EPA has recently taken action to halt the spray application of as^ 
besCos containing materlala for decorative and other purposes* On March 2, 
1977| EPA proposed amendment^ to the national einission gtandard for as^ 
bestos.^^ These amendmenca would extend the spraying restrictions to all 
niaterials which contain more than 1 percent asbestos by weight. 

Most state and local governnients adhere to current EPA and OSHA regu- 
lations; however, in Instances where the problem Is acute or has received 
public attentloni speciaL bylaws or ordinances have been passed which are 
more stringent than federal regulations- For example, the State of New 
Mexico has a 10 ng/tn^ ambient air regulationi^^ and Connecticut has an 
ambient air limitation proposal of 30 ng/m^^^^ The State Departrnent of 
Environmental Protection for New Jersey leiued a guidance document on this 
subject in May 1977 and Californlai Florida, Massachuietta, and Wis cons in 
have formed executlvi and legislative committees to asseis the problem* 

The New York City Council banned spray application in 1972.^0 Other 
cities and states have followed suit* The City of New Haven has a local 
ordinance prohibiting existing eKpoaed friable ceilings of any asbestos 
content in dwelling. This was enacted in 1977 and is presently being 
enforced in the case of an apartment building. 

Since regulations affecting nearly all aspects of potential exposure . 
to asbestos are changing rapidlyj any questiona concerning current EPA regu^ 
lations should be referred to the regional office of the Environmental Pro^ 
tection Agency* li^formation on current OSl^ regulations may be obtained 
from the :U*S, Departflient of Labor OSHA Regional Offices* A listing of 
the EPA and pSHA Regional Offices is given in Appendix I* State Departments 
of Health, Labor J and Environmental Protection will provide additional 



guidance in the event that more stringent atitt regulations are in effect, 

or if difficulty is experienced in locating an approved disposal site for ; 

the agbestoa-containing debris. * i 




4. ANALYTICAL TECHNIQUES 

Two general areas of analysis are discussed within the scope of this 
docuraent* The firsCj aibestoa identification, is concerned with determin'- 
ing the presence^ type and atnount of asbestos within a bulk aawple such as 
insulation or ceiling ttatarlaL* The second involves estimation of the 
amount of asbestps auspended in the ambient air* This airborne fiber con- 
centration level can be used to iatimate exposure risk* The techniques for 
examination of bulk samples are relatively straightforward and give an 
unambiguous result in most cases; howevers the identification, and especially 
quantification of aabeitos, in ambient air is very much ''state-of-the art" 
^ the methods used are somewhat controversial and the results ambiguous. 

These two distinct types of fiber analysis may not be within the capa- 
bility of the same comiercial testing laboratory * It is emphasized that 
bulk sample analysis services to determine whether asbestos is present in 
the material are difficult to obtain. Moreover, the analysis must be per-- 
formed In a competent manner otherwise it could lead to an expensive and 
needless removal taak. Failure to identify asbestos fibers, on the other 
hand^ would allow an eKisting hazard to continue* 

Airborne asbestos fiber analysis is used for evaluating exposure and 
the effeetlveness of fiber control during renovation, demolition, or 
rtmoval. Here too, the number of commercial laboratories suitably equipped 
and gtaffed is limited* 



4.1 BULK S/M'LES. ASBESTOS ANALYSIS 

There are three methods of asbestos fiber identification which are 
reliable and are in cownon use for bulk sample analysis* petrographlc 
miGroscopy 5 X^ray diffraction J and electron mlcroacopyt 

4.1.1 Petrogra phlc Microscopy 

The petrographic microscope la a transffiitted polarlEed light instru- 
ment, widely used in the geological and chemical sciences for Identifica- 
tion and characterization of crystalline substances based upon their optical 
and cryatallographic properties. The techniques are veil eitabltshed and 
the equipment la relatively low in cost. It is an effective method for 
identification of the particular mineral species present. A possible 
drawback in the use of petrographic microscopy is the high level of skill 
and experience raquired of the microscoplgt. Bulk sample Qptlcal microscopy 
Involves the ability to adequately search a sample and successfully recognise 
and Identify the suspect material. An experienced microscopist, however, 
should be able to locate and identify even small amounts of asbestos la 
bulk samples,^® 

4.1.2 X-Ray Diffraction 

In this technique X-rays are diffracted by a small sample of the sus- 
pect material and a pattern uniquely charecterlstic of any crystalline 
materials present is produced. With some instruments a permanent diffrac- 
tion tracing is produced * This method requires a significant investment 
In equipment j referenceis mineral standards, and technical expartiie* In 
routine examination procedures. X-ray difffactlDn of bulk samples may 
fail to detect small concentrations of asbeitos, and other silicates or 
cyrstalllne phases may significantly Interfere with accurate Idencification, 



However, the technique usually yields Infomatlon w^ith a high degree of v 
aiagnostlc reliability, and a printed record. It is usually used as a con- 
firmation of petrographlc microscopy Impressions and not ai a screening 

4,1.3 Electron M icroscopy 

Specific and accurate fiber identification can be aGhieved by examina- 
tion of the struccut'e of individual fibers or fibrils ^ especially If used 
in conjunction with electron dlffractton or energy dispersive X-ray analy- 
sis. The extrapolation of precise electron fflicroscope dataj however ^ to 
significant bulk sample Information Is Inefficient and costly * Its use in 
identification is usually confined to resolving anblguitles raised by 
petrographlc microscopy and K-ray diffraction. The main use of the electron 
microscopy t ichtilque is in the exafflinatton of air aanples , 
4.2 AIRBORNE ASBESTOS ANALYSIS 

Estimation of the amount of asbestos suspended in air is presently 
performed by two techniques : 

1. Fiber CDUntlng by optical or light microscopy using the 
phase contrast technique, 

2, Asbestos mass or fiber population aatimatlon by electron 
microscopy* 

For either methodi a pump is ueed to draw a volume of air through ^ 
a membrane filter at a knot^ rate* An example of a unit specif ically 
designed for this purpose la shown in Figure 1-4^1. This sampling pump 
and filter are usually stationary, but other designs may he carried by the 
worker with the Sampling orifice near the respiratory lone. Common sampling 
rates are 2.0 liters per minute (i/mln) in low volume sampling, and 10 jt/min 



in high volume sampling. The low volume rate is usual for personnel monitor" 
ingj and high volume for general environmental sampling , Sampling times are m 
on the order of 30 minutes to 1 hour or more, depending upon anticipated 
fiber concentrations* The filter may be retained within its container and 
stored indefinitely . Also, each filter may be repeatedly counted since 
only a small segment is reinoved for each examination. The same filter may 
thus bi2 examined by various methods of asbestos quantification and by sev^ 
era! laboratories for comparison or verification* Care must be taken in 
transporting samples to avoid loss of fibers from the filter surface by 
mechanical agitationg . - . 

4,2,1 Fiber Counting by Phase Contrast Microscopy 

Phase contrast microscopy is routinely performed following the optical 
method specified by Occupational Safety and Health Administration (OSHA) 
regulations for determination of airborne asbestos in occupational settings 
A pump draws air through a filter having an 0*8 ym effective pore sige* A 
aegment of the filter is then mounted, treated chemically to make the filter 
membrane tranaparenti and eKamined using a special microscope reticle and 
counting procedure with phase contrast illumination at 400 to 500 magnifica- 
tion.®^"®^ Particles are observed for shape and size, Any particle having 
a length to width (or aspect) ratio greater than and a length of 5 mi- 

crometers or greater, is counted as a fiber* Results are presented as the 
number of fibers per cubic centimeter of air (f/cm®). 

Phase contrast microscopy is an optical technique for viewing small 
particles rather than a method for measuring specific properties of a sub^ 
stance. It is a technique based entirely on the shape of the particle rather 



r.than a method for measuring specific properties ofv a substance . It is not 
.inherently specific for asbestos,;. Consequently, all parciclas satisfying . 
a 3:1 length to width ratio are counted as asbestos fiber. Also, both the 
resolution limit of optical microscopy (see Figure 1-2-1) and the 5 \im 
lower cut==off for fiber length precludes identification of a much larger 
fiber population which may be present and which is of biologic significance 
In some cases fibers and fibrils uncounted because of the 5 ym limitation 
of the standard may be greater in number than those counted by one or more . 
orders of magnitude. Some studies have indicated that fibers smaller 
than 5 ym possess potential for biological activityjQ^ and that fibers of 
diameter less than 0.5 ym and length greater than 3.0 ym may be highly 
significant in carcinogenesis,^® 
"4.2,2 Fib Count 1 ng b y E 1 e ctron Microscopy 

The electron microscopy (EM) permits detailed examination and identifi^ 
cation of asbestos fibers of all si^es* Both scanning electron microscope 
(SEM) and transmission electron microscopy (TEM) are used* The magnifi-^ 
cation necessary to identify asbestos in its smallest dimension is within 
the range of these ins truments . The actual counting is usually carried out 
at lS|jOOO to 20,000 magnification. Electron microscopy is presently the 
^deflnT-tive method for fiber counting and exposure estimation, 'Following 
sample preparation, a large number of fields are examined for fibers. Each 
field is a few hundred micrometers square in area such that many fields 
must be eKamined to make the determination statistically valid. Each fiber 
observed is counted and its length (£) and width (w) measured. The fiber 
volume can be calculated by assuming it to be either a right cylinder or 
tubular in shape » (The assumption of a cylinder gives a volume about ^ ' 



20^^percent smaller,) The mass of fibers is estimated by multiplying the 
Calculated volume by the mineral densitys usually taken as 2.6 g/cm^ . ^^^^^^ ; - 
The accuracy of the calculated fiber mass is primarily dependent upon the 
representativeness of the fiber population actually measured. 

At this time, laboratories vary in sample preparation ? instrument 
selection, and in results. There is presently no standard electron mi^ 
croscopy technique, A proviaional optimum procedure is under development 
by the Environmental Protection Agency and is intended to increase unl^ 
formity and enhance interlaboratory agreement, 

There has been great concern and some misunderstanding over inter'" and 
intra-laboratory variability in fiber counting results , Apart from the 
errors to be anticipated from variation in laboratory procedures , high 
errors are intrinsic when extrapolating a count of possibly a few tana of 
fibers from a relatively minlscule fraction of a large sample to a total 
fiber count. ^ The multiplying factors used to scale^up the count for a 
specific volume of air may be as high as 10^ or more. 

The time required for sample preparation for EM techniques Is lengthy, 
the equipment a major Investment, and highly trained and qualified personnel 
a necessity. 



This and other EPA documents are available through the National Technical 
Information Service (NTIS)^ 5285 Port Royal Rd., Springfield, Virginia 22161. 

^It will be noted that determinations by optical (phase contrast) microscopy 
are eKpressed in numbers of fibers per unit volume of air whereas results by 
electron microscopy may be expressed either as number of fibers or mass of 
fibers per unit volume of air. The high resolution of the electron micros'^ 
copy permits the analyst to measure the length and width of each fiber. Know 
ing the fiber's dimensions , its volume can be calculated ii^m.^i^^w^)*.,^^ 
Asiuming a mineral density of 2^6 g/cm^, the mineral's weight is obtained. 



4.2^3 Conversion Between Optical and Electron Microscopy 

The conversion of data obtained by one method to units of the other is 
not generally coniiderad appropriate in the case of airborne asbestos 
measuremant. The optical technique counts not only asbestos but all fibers 
generally, while EM is mineral specific • Fiber siEe range visible by EM is 
essentially complete, while that seen optically is truncated both physically 
land by regulation. In some cases the fiber size distribution will fall 
below 5 yw, producing a zero count optically, but will still have a signify 
leant count when examined by electron microscope • Given the size dis- 
tribution of a specific fiber population that extends above and below 5 pm 
such conversion is possible* However, in the general situation it is quite 
unreliable* 

Table I-^^^^l lists some advantages and disadvantages of analytical 
techniques available. 



Table I-4-i. A COMPMISON 01 ASBESTOS ANALYSIS TECHNIQUES AVAILABLE 









',i w - . Method.: 


" Advantages 


■ Disadvsntiges 


i'Buik Sample Analysis 






'a. Petrographic microscepy 


Re la t ively rap id and • iqw— - 
cost 'per analysis, suited for 
exact identification of wine- 
ralCs) present and estimate of 


High level of operator training 
and ixpirienci riquired. 


. bi X-ray diffraction 


Unambiguous mineral fiber 
identification, rapid 
"finierprintini" of sainpli 

witn perroanenc retoiu. 


High investment in training 
personnel and capital equipnent. 
May not detict minor fiber abun- 
dances especially if other 
crystallint phases are prtsent. 


c. Electron mcroscopy 


"Abiolutt" determination of 
fibers present, and identi- 
fication of raineral speciei, 


High equipneiit and analysis 
cos ti . High ly trainid optrator 
required. 


' Ambient Air SaniBle Analysis 

a. Phase contrast micreieopy 

b. Electron microscopy 


Low cost per analysis, low 
cost for equipment, extin- 
sive trainini not required, 
prtsently the moit detailed 
standard proctdure available. 

Closest to obtainini "abso* 
lute" fiber count because 
of high resolution and 
identificition ability. 


Limited resolution, fibers lass 
than 5 ym not counted , therefore , 
hazardous situations may be 
mssed altogether. 

V 

In addition to disadvantaies in 
L (c) above j procedural itandards 
not available, poor precision and 
accuracy. 




PART II 

THE CONTROL OF EXPOSURES TO SPRAYED ASBESTOS 




1, DETERMINING ASBESTOS EXPOSURE LEVELS ' - - ^ 

1.1 INTRODUCTION 

As discussed in Part I ^ exposure to asbestoa fibers is a recognised 
health hazard. Following long latency periods ^ asbeatosis and nialignancies 
of varying type and site may follow both occupational and nonoccupational 
eKposures . Although the mechaniim and epidemiology of asbestos carcinQ- 
genesis is not yet wall defined^ accumulating evidence suggests the signifi 
cance of eKposures at even vary low fiber concentrations. 

The specific source of asbestos exposure coverad in this document is 
fiber release from sprayed^ friable asbestos-containing material. For 
approximately 20 years, sprayed asbestos was extensively used in the con- 
struction industry. The spraytdj friable material can release fibers into 
the environment at rates dependent upon both deterioration and the dis^ 
turbance of the material. The released fibers are durable j possess aero^ 
dynamic capability, and are potentially carcinogenic without documented saf 
threshold levels. 

The combination of the factors of widespread mm, a large potentially- 
exposed population, and carcinogenicity has created a potential health 
hazard of significant proportion* 

Part II presents recommandations for techniques of material analysis, 
procedures for hazard estimation, and alternative solutions to potentially 
haiardoui situations. Regulations of the Environmental Protection Agency 



and the Occupational ^Safety and Health Adininiatration are discusaedf in 
greater detail ^ and ipecif ic r.emoval procedures and specifications are 
presented, 

1.2 FACTORS TO CONSIDER ^ - 

The applications s miKtures , and locations of sprayed asbestos material 
have been highly variable* The estimation of exposure hazard or risk from 
such material must involve consideration of a number of factors. There is 
no simple fortnula for all situations. The primary consideration should be 
to minimize exposure to asbestos* The following factors should be consid^ 
ered in assessing the risk of asbestos eKposure and establishing priorities 
for corrective action^ 

1* Analysis of material. Establish the presence of asbestos 
in the sprayed material by competent examination* This is 
the firsts and essential step in hazard estimation. The 
higher the proportion or percentage by weight of asbestos 
in the material, the greater the number of fibers released 
for a given event. However slight the damages ^ there will 
be a release of some fibers, and even friable material con^ 
taining only 1 or 2 percent asbestos can disperse a signifi^ 
cant nuinber of fibers if it is extensively damaged, 

2. Age and deterioration of the material, Cohesiveneis of most 
materials will decline with age, and the rate of fiber loss 
will increase, 

3. Location and accessibility of the material. With ceilings, 
for example, a height of approximately 10 ft (3 metere) is a 
reasonable limit for direct contact. Possibility of contact 



for any other reason must i be cone ideredj^ ^however * -Th^s^^^:^. i^^ 
will include gyTanasiumi and classrooms where objects can 
•be hurled against the fiber surface. The 3-nieter rule 
would not apply in such circumstances* 

Function of the space with respect to both the intended 
and actual use of the area* Population using space. 
This is a significant consideration . An active popula'^ 
tiortj such as that of an urban senior high school may 
result in more contact fiber dispersal to a significant 
ixtanti High frequency of use and activity usually 
means high fiber levels in the space, ^* 

Necessity to penetrate or disturb the material for main^ 
tenance^ cleaning j or any other reason. This includes 
penetrations for heating and vantilations lightings and 
plumbing. 

Presence of high humidity or water datnage , Although used 
for condensation control in some applications , sprayed 
asbestos-containing materials tend to deteriorate rapidly 
in humid environnients and are suaceptible to fragmentation 
from leaking water. 

Accumulated epidemiologic evidence indicates that asbestos 
levels exceeding as little as lOO nanograins per cubic meter 
should be suspect in causing adverse health effects and thus 
sotne action to reduce exposure is warranted,^® It may be 
advisable to determine levels alaewhere in the building and 
outride to ascertain that the fiber levels are due to the 
sprayed material rather than some other source. 
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the .^selection: of -an^ to reduce aabestoi exposure 

leyela. Until permanent action can be taken to reduce li-- 
bestos fiber release, temporary maasures may be used. These 
R f " includa the alteracion of various custodial and maintenance 



activities which can result in asbestps emiesions by contact 
or by resuspension* Permanent actions include enclosure, 
encapsulationi or removal of the asbestoa material. 

1.3 ASBESTOS ANALYSIS 

The methods of asbestos determination are liited in order of the 
/: simplest and least expensive (record review) to the more technical and 

costly (airborne fiber monitoring) * 

1. Record review : Architectural or contractor specifications 
and records are available for most large structures. In 
niany instances these will identify the sprayed material 

and may include the type and proportion of asbestos contained. 
Instances where records erroneoualy report either the presence 
or absence of asbestos have occurred , and reliance on builditig 
records alone is not recoiranended, 

2. Vis u a 1 i^n a paction * The surface of sprayed asbestos materials 
generally have an appearance that may vary from a looser fluffy 
or aponge--like composition to that of a densej nearly solid 
surface* If the material is friable, it will crush with hand 
pressure* The thickness of most sprayed asbestos matar it 1 com- 
monly varies from 0.25 cm (1/8 inch) to over 5.0 cm (2 inches). 

4 ■ Uncoated material may be slightly gray^ brown, or blue iii 
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"^S^-yd-^ ■ coloration depending upon the proportion and type of 

aibestoa used. Such surfaces readily collect duat, and 

will acquire a dark gray tinge with time . The presence 

or absence of asbestoSj however^ cannot be determined 
reliably by teKturej colors or general appearance. 
3. Bulk inaterifll ana lysis: The identification and quantifi- 
cation of asbestos in a bulk material sample is a procedure 
requiring appropriate equipment , technique , and expertise . 
In view of both the health and economic implications ^ compe-- 
tent analysis tp deterTnine the presence and proportion of 
asbestos is a necessity. 

Laboratory analysis of the material should be performed by: 
a* Petrographio microscopy as performed by a laboratory of 

recognized competence in optical crystallography, 
b* X-^ray diffraction as necessary as a supplement to petro^ 

graphic microscopy* 
Ci Electron microscopy only if ambiguity exists following 

analysis by petrographle microscopy and K^ray diffraction. 

..• 

It is again emphasized that the identification of asbestos in bulk 
samples involves expertise in optical crystallography and is not a routine 
laboratory procedure. A laboratory certified and proficient in NIOSH 
asbestos fiber counting methodology may lack both the equipment and com- 
petence for identification of asbestos in bulk samples. The use of polar- 
ised light microscopy (petro|raphic ) and various refractive index liquids 
for dispersion staining is usually sufficient to allow identification of 
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the individual forms of asbeitos and eatimation of the amount present ."^^ » - i 

. ■ • 

An experienced microacopil t using petrographic techniques is able to rapidly^ 
detect small quantities of asbestos in a bulk sample. , 

X»ray diffraction aupplemants optical microacopy by "fingerprinting" 
any crystalline phases present, though the presence of many of these phases^^- ' 
in addition to aibestos rnay make interpretation difficult. X^ray diffrac- 
tion provides a permanent tracing of the analysis , but is more SKpensive 
than petrographic microscopy , requires expertige, io does petrographic, 
and low quantities of aabestos fibers may not be detected, Pepending 
on the laboratory, an amount less than 2 to 4 percent may be missed. 

A racotmended technique for obtaining a bulk sample froin a sprayed 
asbestos material is outlined in AppendiK C, along with cost and reference 
laboratory information* 

4* Airborne asbestos fiber counting : Sampling and analysis for 
airborne asbestos may establish the eKistence of asbestos 
contaminationi 1^ *21 adequate study of airborne con- 
tamination requires sampling during various indoor activities 
and sampling of outside or community ainbient levels, with 
inclusion of control samples. Sampling within a structure 
under only quiet conditions may be particularly misleading 
because asbestos fibers become airborne usually as a result 
of disturbance through human activity.-^ The direct monl-- 
torlng of persona engaged in these activities will best de-- 
-— fine potential eKposures.^® These activities include usual 

behavior of building users, maintenance, custodial and house- . 
keeping work. 



If exposure ItVels are sufficiencly elevated, eKatninat ion of 
the samp lea by optical Tnicroscopy will probably determine the 
presence of Asbestos, In cases of lo^er contamination levels 
or a predominantly amallaiEe population of flberSj electron 
irmictfoscopy will be necessary for complete asbestos 
quantification . 

The lack of itandardi for airborna asbestoi in nonoccupational 
environments and eKpense of sampling and analyiis have dia*" 
couraged airborne asbestos testing, kn exposed and friable 
aurfacej the identification of asbestos within the material , an 
documentation of air contamination froTn such surfaces surely 
provide an impetus to reduce potential carcinDgen expOiure to 
as low a level as is possible, 
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2v ASBESTOS CONTROL MEASURES 



2 A TEMPORARY CONTROL MEASURES 

During the interval between identification and resolution of an as^ 
bestos expoiure probletn it may be possible to significantly reduce exposure 
by control of maintenances custodial, and repair activities. Temporary 
measures may include alteration of various work procedures such as main^ 
tanance or renovation that could potentially cause asbestos contamination* 
Wat cleaning methods for examples could be used in place of dry dusting 
and sweeping in any essential custodial work* In addicioTip niaintenance 
and custodial workers should be protected by approved filtered respirators. 

Building user and bystander eKposure could be reduced substantially 
by appropriate rescheduling of necessary custodial and maintenance work* 
Table 11^2^1 shows the reduction in fiber counts that was obtained in one 
case using we"t cleaning methods and specif ic scheduling, Custodial 
activitiei were categorized as above and below waist level* Air sampling 
was carried out at the respiratory zone of a worker wearing respiratory 
protection. While significant reductions were achieved, eKposures were 
not eliminated and the use of such techniques should be temporary. 



Table II-2-U CUSTODIAL ASBESTOS EKPOSURES ANB EFFECT OP-^WET MEmODS 



Custodial 
activity 


Fiber count means J 
f/cni^/ (number)^ 


Before 
control 


Following 
control 


Above waist 


4.0 (6) 


0.3 (4) 


Below waist 


1,6 (5) 


0.2 (4) 


Bystander 


0.3 <6) 


b 



NI08H method J phaie contrait 
microscopy* 



Elitnination of eKposure to by-- 
stander by reachedu ling should 
not be tegarded as a permanent 
solution* The long settling 
times for fibers (gee Figure 1-2=2) 
and the poasibility o£ resuipension 
should be conaidered before per-- 
mitting normal traffic to reiuma 
in the areap 

2.2 LONG-TEIH CONTROL MEASURES;: 



The lon|""term alternatives to reduce or eliminate asbestoa aKpos^t'^ 
from aprayed friable aabestos material are outlined in Table II'-2--2. 
Anticipated fiber concentration! , and corwnents on working conditions are 



included. Ttieae methods of resolution fall vithin two general categories 

1, Asbestos contaiiment through uie of a sealant (encapsu'^ 
lation) or barrier (enclosure) system. 

2. Complete removal of the asbestos material from the structure* 

Selection of the appropriate method or combination of methods will 
depend upon a number of factors including characteristics of the asbestcs 
material, structure use and configuration j user activity , and cost* - 
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^•Table ALTERNATIVIS FORl^DUCTlON/ELlMimTlON Or CONT^INAT ION FROM SPRAYED ASBfiSToS 



AUifftaEivei 



flernQvjl 

jii, Dry m^^hods 



;V (I) UnUa^i^d 

'h. (loose tnitiriil) 

(2) Aisindtd «iCir 

(3) Aaindtd wiEir 

/r. aM^^N HpO ippUcatian 

'\ \ (k) Anendid wiCgf 

;\: . (cifiiinELtiDui siiEifiil) 

t'j]: . ■ 

a. CiLUn| btrnir, »th 
■ (loose iait€fial). Dry 

ii b. Ceiling, hangers 

, (laosi oiat^rial). Dry 

[.^.'c. ieilanc, tfcapsuUtian 
fV: : (iQsi^ igilefLal). 



Typical fibef CQrisan' 
triElon in work irea 



(lU- 



>100,0 (0 

23.1 (6) 
a,a (36) 
18,4 (U) 

0.5 (5) 

I'l Ml 



DiVernlRed by MIOSK Mtthed, phasi csntrasE Euroieopy. 
iiuebff of dbservitiortSi . 



Hucti dust and debrli made work enndinpns diffleuh- Required 
hole iupplied fsipiratdfi (very rescriclivi). Fibers £flVi 



flfiross decentaflLfiitiijn bifriers 



Vary dusty candi tions , wtimlnatlon sontrol iir.possii !*• ^ 
iulldini csntininidon ividtnc,^' 



Littlt dusEln|. Heivy waESf runo 



Niirly na watif maH, hmptabU esnditUns, ' No visible 
dusting. -/'v- 

iom dusting evident, initifial n^tfdj- Pour 

cantrictQf parforninei in veUini ni^ 

Ho dusnng flotid, pod pani^ waEer. MiE.riil filling 

aff in shiiU and ehunki: intact . ; 



Qmmt and dUcurbinCi g£ f^iEjriil dufln| insrdbtion by wood 
ififipl with vilibli iOiilliQfl^iV; 

PiniffiEion 9f ciiUni by hinie^i ind subs^uir.t di^cufhancf by 



2? 



FQfci of ippiiEilisn varied during ipraying adjustrefits. Oni iir 
that aroducid a Siro counE by gptical isitfOiCCi;/, bad 
' ng/a- by TEH indLciEini sipifieant sniU p^rtide fi-|^ 
iV conEict diiEUf^anee.^" !> 



? ,10' ni 
Itasi ty spray 



Asbgatoi removal provides a final solucion by elitnitiation of the 
contamiridnt aource. It requires, however, renovation involving friable 
asbestos material, with significant problemi of worker protection , pre- 
vention oi environmental contamination, and considerable incerruption of 
activitiea in the building. 

Containment by sealing, encapsulation, or barrier systems usually re-- 
suits in much lower levels of aabeatos contamination during alteration, 
takes liss time, and may be less expensive , especially if replaceTnent is. 
avoided* The asbestos source remaini, however, and damage, deterioration^ 
or failure of the protective systern will result in recurrence of asbestos 
contamination. Consequently j if asbestos containment is selected as the 
long-^terrn aolution, then some form of continuous or semicontinuous ambient 
monitoring prograTn is necessary to assure that the protective system mainT 
tains its integrity over time. Maintaining low fiber levels may require 
strictly controlled maintenance and custodial activities far the life of th 
building* Also, thjprobl^ of asbestos exposure and environmental con^ 
tamination will present itself again at the time the building is demolished 

: 2*3 ASBESTOS EMISSION CONTROL AND PERSONNEL PROTECTION 

The work associated with asbestos containnient ov removal involves 
disturbance of the fiber matriK by contact, with dispersal of fibers into 
the environment* The dispersal is massive in dry removal of loose friable 
material* localiEed, but high, in installation of hanget's or lath for a 
barrier system and can be significant even in spraying a sealant onto a 
friable asbestos surface. Whatever course of action is selected for as^ 
bestos cDncainment or removal, asbestos contamination or emission control 
and personnel protection are required by EPA and OSHA regulations to 



prevent escposure of workers | bystanders, building uaers, and the conmunity. 

Asbestos contamination control miniinizei fiber dispersal in the removal 

area, fiber emissions to the outside environTnenti and residual asbestoa 

contamination* The basic steps are i 

li Fiber_contjijimgp^ ^ Barriers will prevent movement of fibers 

to other building spaces and into the coiranunity* Barrier 
: systems should be used to enclose any work area and may be 
used to isolate a room or an entire building. Ventilation 
and heating systems must be shut down and all openings atid 
vents sealedj and any building equipment or furniture enclosed 
in a protective cocoon* Any object , ductj window^ or passage-' 
way that could be contaminated should be isolated. Special 
care should be taken to locate and seal all possible openings* 
2* Fiber control s Wettini the asbestoa^containlng material will 
reduce friability and change the aerodynamics of the released 
fibers. The addition of a wetting agent will enhance penetra*- 
tionj reduce the amount of water needed^ and generally Increase 
the control effectiveness, 

Sinee fiber dispersal probability and concentrations are potentially 
high I protection of working personnel is necessary and includes ins tructionj 
reipiratory protection supervision, atid decontamination* The following 
list is considered appropriate to both provide and document worke pro- 
Cectiont This protection should also apply to any other person entering 
a removal job site. - 



Instruction i OSHA regulations specify the use of certain 
equlpmantj decontamination procedures, and work sequences. 
Adequate instruction of the work force is absolutely 
essential • 

RespiratorY protectioni Each worker should be afforded y. 
respiratory protection as appropriate to anticipated fiber 
levels according to OSHA regulations 29 CFR 1910,1001, 
Supe rv i^s i on ' Adequate supervision is necessary to maintain 
the performance required for safety. Adequate instruction 
will help to a great extentj but continuously effective 
respirator use and decontamination will depend upon con"- 
tinuous and effective supervision, 

Personnel decontamination ; Following each day's activities, 
decontamination is necessary to prevent exposure of family 
and personnel contacts* A decontamination facility should 
be provided and include a changing room^ shower room, and 
equipment storage area. An outline of a decontamination 
procedure is given in AppendiK D, 
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3. 'ASBESTOS CONTAINMENT 

3a ENCLOSURE SYSTEMS 

Enclosure of a sprayed aibestos surface places a harrier between the 
asbes tos^containing material and the area of activity. Either a suspended 
barrier or an attached lath system is usually used* Depending upon the 
integrity and type of barrier systems a dissstnination of fibers by fallout 
will take place behind the barrier only^ and exposures below the barrier 
will be greatly reduced* Contatnination from contact will theoretically 
be prevented by the barrier, A barrier system must not connect with an 
air pletium system 3 and the enclosed space should not communicate in any 
way with portidns of the occupied building* 

Installation of hangeri or lath necessitates contact and penetration 
and will result in asbeatos fiber dissemination j frequently in excess of 
existing OSHA regulations* Coniequentlyi worker exposure protection in 
accordance with OSHA should be required during this work* Furthertnore ^ 
fiber dissemination by fallout will continue with accutnulation of fibers 
behind the barrier system. Consequent ly ^ entry into these areas will re-- 
quire protection and fiber containment precautions , 

The uncertainties in its long-^term effectiveness j the need for con^ 
tinned air inonitoring^ and the remaining problern at the time of demolition 
or renovation make this method unattractive. ^ 



3,2 ENCAPSULATION WITH SEALANTS 

EncapsuUtioti with sealantl may make replacement of sprayed asbestos 
materials unnecessary. The use of a sealant means retention of the as- 
bestoa material and recurrence of the problem if the iealant is dumaged 
or penetrated. In addition^ this poitpooes asbestos control to the time 
of major renovation or building demolition. Tbe use of sealante may be 
reitricted by characteristics of the sprayed aabestos surface itself. The 
integrity of an encapsulated surface depends upon bonding between the 
sprayed asbestos material and supporting structural members. A sprayed 
asbestoi ceiling for eKample, with initially poor adhesion to a sinooth 
hard atructural ceiling surface will result in shearing and failure of the 
full thickness of sprayed material and the applied sealant. Accessibility 
and user behavior should also be carefully coniidered, Sealant used on 
aibestos surfaces within reach of children in a school will probably be 
damaged eventually leading to continued asbestos eKposure* 

The sealing of sprayed asbestos surfaces involves applying material 
that will envelop or coat the fiber inatriK and eliminate fallout and pro^ 
teet against contact damage. Sealants are usually applied to asbestos 
surfaces by spraying and consisC of polyTners with an agent added to en^ 
hance penetration into the fiber matrix. Sealants which are currently 
available Include water-baied lateK polyinerSj water soluble epoxy resins 
and organic solvent=-based polymers of various types* 

Nearly any sealant or encapsulation method will reduce fallout con- 
tamination. The more effective sealants J however^ will have resistance 
to impact and will reduce asbestos release due to contact* In one study, 
lateK paint sprayed over a friable aabescos surface was effective in : . 



reducing background fiber levels in the building from fallout, Thif coit- 
ing failed, howeveri to significantly reduce building asbeitog eKp&sure 
levels during routine activity due to contact or reentrainnient*2Q Even 
in the case of a fairly reiistant sealant , suitable protection ahould be 
used against heavy phygical damage. A system of routine inspectioti and 
repair should insure the integrity of a sealant system, 

Application of a sialant by spraying will cause diisemination of small 
fibers by contact, A sealant should be applied with as much caution and 
at as lo^ a nozzle pressure as possible to reduce contact disturbance* 
The potentially high concentration of small asbestos fibers could eauge 
algnlficant worker exposure and thus, workers require protection with 
respiratory devices and decontamination. Such asbestos fiber contamiriation 
from application of sealants is usually not detectable by the NIOSH method 
of optical microscopyi and may require electron microscopic eKamination 
for definition, 

^ effective sealant should possess the following charaeteria tics: 
I, The sealant should eliminate fiber dispersal by adhering 
to the fibrous substrate with sufficient penetration to 
prevent separation of the sealant frOT the sprayed asbestos 
material* 

2# It should withstand most impact and penetration and still 

protect the enclosed sprayed atsbestoa material * 
3* It should possess enough flexibility to accomraodatt attna- 

spheric changes and settling of the structure over timt. 
4, It should have high flame retardant characteristics and a low 

toxic fume and sinolce emission rating. This is, of course. 



essential if the enclosed sprayed asbestos rnaterial was used 
initially for fire retardation and protection of structural 
members. 

5. It must be easily applied by nonspecialized persDnnel, with 
relative inaenai tivity to errors in preparation or application. 
Ease of repair by routine maintenance personnel is desirabla, 

6. The sealant must be neither noKious nor tOKlc to application 
workers and structure users thereafter* Since spraying 
creates fiber dissemination and exposure , fiber containment 
by barrlera la desirable during application even though this 
may be Incompatible with ventilation necessary for to3cic vapor 
removal , 

7. It should have some permeability to water vapor to prevent 
condensation accumulation J and resistance to solution by coimon 
cleaning agents, 

8. It should have suitable stability to weathering and aging. 

9. It should be acceptable by architectural and esthetic etandardSi 
Sealant selection and application should be made with consideration 

given to the configuration , dimensions ^ use and eharacterlstlca of the 
structure involved/ The lis te^ characteristlca above may assume differing 
levels of Importance In consideration of the specific application 
Additional considerations in selecting a sealant are* 

is The coated structural member should be Inspected. Bonding 

between the sprayed asbestos material and structural member must 
be adequate to acconmodate the added weight and cohesive mass 

of the encapsulated asbestos material. : 

. f 



Sealants are not ginetally reeomm^^ surfaces are 

accessible to phyaleal damage, sueh is low ceilings in sohool 
corridors or itairwells* 

3t Tha cost of asbestM stripping versus encapsulation should 
be istltnated, A compleK or relatively itiaeceisible surface 
may defy economical asbestos removals and present an ideal 
situatiori for encapeulation, 

4. Replacement Tnaterial needs for fireproofing and thermal or 

acoustical insulation must be met after removal. Such replace-- 
ment may be avoided by encapsulation. 

5* The moving of furniture^ equipmenti or partitions necesaary 
in asbegtoa removal may be significantly reduced if encapsu- 
lation is used * 

Sealants for asbeatos material are preaently being evaluated by the 
Environmental Protietion Agency, Power Technology and Conservation Branch, 
Industrial Envlrownantal Research Laboratory ^ Cincinnati, Ohio 45268* 



4, ASBESTOS REMOVAL • 

Building characteristics ^ the inability to iliratnate aKposures and 
the uncertaintias of asbestoa disease epidemiology may be the crucial 
factors in the decision to remove the sprayed friable aabestos materials* 
Bath EPA and OSM regulationi influence the manner in \rtiich asbestoa 
atripping or removal ia accomplished. Work practicei during aabestoa 
atripping and disposal operations are covered by EPA regulation 40 CFR 61^ 
subpart B: National Eniiaalon Standard for Asbestos, Landfill disposal 
and site raquirements are covered by 40 CFR 61.25s waste disposal iitas* 
Worker protection during removal or stripping operations is covered by 
OSliA regulations 29 CFR 1910, 1001^ occupational exposure to asbestos. 
These regulations are diacuBsed in detail in Appendicas 0 and 

4.1 DRY RIMOVAL 

Dry removal of untreated friable asbestos material is definitely not 
recommended j but may be necessary in ingtances of unavoidable damage 
through the use of wet removal tachniques* Dry removal requires specific 
EPA approval. As shown in Table II*2**2s dry removal results in heavy 
airborne asbestos contamination with fiber counts that can ei^ceed 
100 f/cm^, Ihe potential for worker , structure, and community eontamina- 
tion is high, and complete fiber containment by a series of barriers is 
necessaryi along with an elaborate system for debris removal and worker 



decontamination. Studieg have sho^ that significant contamination can 

occur across a double barrier entrance under working conditions during 

dry removal i Conaidering existing data on dry removal and fiber behavior 

in sett ling and movement ^ contamnation spread and heavy exposure appear 

unavoidable, 
ft 

Dry vacuum methodi for rapid removal of debris from demolition areas 
rely upon evacuation of all fallen visible asbestos material through 
vacuum lines Chat penetrate the barrier system. The material is drawn 
through the lines to a ppintuiually outside the structures deposited in 
sealed containerap and the accumulated material retnoved to a disposal site 
The Vacuum system eKhaust is filtered to prevent contamination of the 
eKternal environment, A vacuum system using an eKtraction air velocity 
1 mater/second (200 £t/min) and an HEM (high efficiency particulate) 
filtered exhaust is in use in Great Britain, Evaluation of both in-- 
ternal containment and external exhaust cannot be considered complete 
because of a lack o£ appropriate air sampling data* 

4.2 WET REMOm 

Wet removal Is based upon the ability of water to lower both the 
friability of the sprayed material and the aerodynamic capabilities of the 
released fibers. Water will render the material less friable and more 
cohesive, and greatly reduce the release of fiberss thus reducing airborne 
asbestos levelSp Fibers that are released will fall rapidly if wet* A 
suggested work sequence for wet removal is listed in Append Ik E. 

Table II-^Z^^Z lists anticipated fiber contamination levels using 
water* As shown, asbestos exposure levels may be reduced by as much as 
75 percent uilng wet removal rather than dry removal. The use of plain 



wateri howtver, is not entirely aatisfactory becauie of slow penetration^ 
imcoinplete wettingi and bothersome runoff* Even with iKtengive soaking^ 
areas u£ dry material will remain. The runoff not only is a safety and 
eleanup problemi but the reiulting slurry will c^try fibari to other areas 
where they will reentrain following evaporation. 

Water penetration into a hydrophobic fiber matriK is significantly 
increased with a wetting agent or surfactant* "Wet" water is a cormnon 
item in use by fire departmantSy induatryj and agriculture*^^ This tech-^ 
nique greatly reduces Che ainpunt of water needed for saturationj increases 
the coheaivenesa of the fiber inatrix, and increases the probability of 
individual fiber wetting* Thia affect , as shown in Table 11^2-2 3 results 
in a significant improvement in working conditioni and significantly re-- 
dueed enviroTOiental contamination* Use of amended water can reduce fiber 
counts by more than 90 percent as compared to dry removal. This reduction 
of fiber contamination within the work area not only reduces potential 
worker exposure but relieves much of the dependence upon containment barrier 
nystaina for isolation of fibers within removal areas. Table 11^4-1 lists 
icme wetting agents available connnercially , 
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Table COMMERCIALLY AVAILABLE WETTING AGENTS FOR WET REMOVAL OF 

ASBESTOS IN BUILDINGS® 



AquaCrali Corp. of toerlca 


leffingwell Chamieal Co, 


1400 Suckla Hight^ay 


Box 188 


Fanniauketis NJ Osiiu 




OQcidsntal Chtniical Co, 


Rohm and Haas Co, 


Institutional Division 


Ag. Cbemlcal Dept* 


Box IWQ 


1 >1 ^ ^ n ^ "^4^ 

xnoGp^noencs fiai i- 






Target Chemieal Co. 


Thompaon^Hayward Chemical Co* 


1280 Kf, loth St, 


Box 2383 


San Jose 1 Calif. 95112 


Kansas City, Kans* 66110 


Vimeland Chemical Co, 




Box 745 




Viiialand, NJ 08360 





^Oie ineluiion of this inforniati on should not be conatrued 
as a product endorsement by the EpA or the authora * 
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5 , REGULATIONS AND COMPLIANCE BY GONTMCTORS 

FibeTf control J containment and worker protection are necesiary in 
asbestos abatement ^ork since there will be environrnental contaminfltion 
regard lass of the work method used. A considerable potential will wist 
not only for w^crker eKpssurei but alio contflintnation of the struatuira^ 
the communityi and workar hotnea . 

In most oyarations there has been an effort by the contractor to 
minimiga asbestos contamination by compliance with OSHA and EPA fegula- 
tioni and by additional control procedurei as appropriate,^^ Howaver^ 
in some operations violations of both regulations and comon sen^e have 
oecurred. Som# contractors have removed asbestos absolutely ixy inatsad 
of wet as agreed^ removed asbestos without respiratori, dropped aabeitos'^ 
loaded bags do^ laundry chutes where they have ruptured ^ served eoffee Ln 
removal areas, and allowed heavily contaminated wrUers to leave the Job 
aits.l^'^^ 

A number cf factors ^111 influence contractor work praeticegi 
1^ Attittide of purchaser o f aervicea: The purchaser of aervioi 
will Tbe motivated to control asbestos exposure for various 
reasons. These niay include concern for well-^being of build- 
ing u^erSi fear of future legal Involvement and claims by 
- \ ^ : ' users or their survivors , or fear of employee or union 



action. Asbestos exposure situations have, on occasion|) 
become political isoues, a cause of. panic and overractioHj 
and a sensationaliatic sut ject for the prass , The c lima ta^ 
created by these preasui'ea has caused caraleis and mii^ 
informed actions that can lead to increased exposures 
rather than decreaied eicposures. The harassed school 
principal s apartment building owner j or corporation 
eKecutive often seeking the quiclceat and cheapest con^ 
tractor servicas may create a potential for iignifi'^ant 
exposures and contaminacioa* 

Once a contractor leaves the job site, there are currently 
no regulations protecting building users. Poor clean-up 
of the removal area cati lead to continual rfientrainment 
and resuspeniion . To ensure proper clean-"up by the con"" 
tractor, the purchaier of contract services should provide 
the contractor with definitive job specif icationa for as-" 
bestoa removal* An eKampli is included in Appendix F. 
QSHA regulations ; In general , the OSHA regulations are 
effective in routine occupational asbestos exposure situa^ 
tions at a fixed location. However j application to tran-^ 
sient demolition worktrs who have no fixed place of em- 
ployment is difficult. Demolition and removal operations 
are mpbile, often briefs quite variable in conditioni* 
EKpbsurei, however^ may be extreniely high. Present regula"" 
tions do not require worker instruction regarding the 
hazards of asbestos expoiure and the uie of respirators. 



Also, there are ambiguous requirements for decontamination 
since the place of employrnent is not fiKed. Showering is 
not presently raquirad: (Proposed OSHA ragulations address 
theBe points with specific regulations requiring instruction, 
reapiratory protectionj reportingi and decontainination by 
ihowering for any regulated area where exposure occurs.) 
EPA regulations ^ The EPA regulations cover emiiiions into 
the outiide environments and disposal of material from job 
sites. Regulatory coverage does not apply to the building 
environment apart from the prohibition of many initial uses 
o£ asbestos materials. 

Cgti tr acj: or e c Qnonii c g \ Protection of workers ^ building users, 
and the general community ^ means time 3, effort i and cost to 
a contractor* The contractor who is both aware and concerned 
about these problems faces economic presiure frotn those who 
are not. This is not only discouraging, but in a low bid 
Competition may mean the difference in the awarding of the 
contract. Consequently , safety precautions may be compromiie^ 
As yetj there is no generally applicable equalising force 
such as enforced regulations or licensing of qualified con^ 
tractors. Consequently s as reconnnended above , the purchaser 
muit write definitive job specifications to ensure the use 
of adequate safety measures by contractors* 
Concraator and worHer a tcttudes: Asbestos is a material 
that has been used In construction for some titnei and its 
carcinogenic potential has only recently gained recognition* 
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^^any_warkeri have becorne accustonied to handling asbestos 
y wichouC precaucion,. and retraining is difficult. Compound- 
Ing chii is the fact that the latency period of asbestos^ 
related disease is frequently quite long. This has not 
only blurred the vision of prof esaional observers, but has 
blinded that of many wrPAitB and contractors to the conse^ 
quences of asbestoa as* p^fure, Unconcerned or uninfortned 
removal workers U^kux i^Kposures for themselves, fellow 
workers i and their familiefi* 
Contract specif icationa written for aibestos work should effectively 
complement OSHA, EPA, and local regulationa ^nd inelude specific 

requirements for exposure ^nd contamination prave^tion, Tn% informed 
purchaser, or one who must satisfy an informed building user and coraunity, 
will be motivated to define contractor performance in asbestos work. Such 
specifications may include requirements for contractor competence in as- 
bestos retnovalj OSHA and EPA COTpliancei special contamination control, 
and air sampling. Such specifications essentially restrict bidding con- 
tractors to those who know the work and regulations* this will encourage 
and pifd'ect the competent contractor's Investment in equipment and train- 
ing. Definitive job specif icationa for asbestos removal similar to those 
presented in Appendix F, therefore, are recommended. 
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AERODYNAMIC BEHAVIOR OF AIRBORNE FIBERS 

The aerodynamic behavior of £ Ibrous-^shaped aerosol particles la go- 
verned by the Interaction of opposing forceii a driving forua such as 
is caused by gravitational acceleration ^ and the viscous resistance of 
the gaseous medium within which the particles move. In this contextj a 
useful characterising para&eter is the aerodynamic equivalent dlMieter- ,j 
defined as that diameter of a spheric of unit density whose eettllng velo-^ 
city equals that of the particle under consideration* Although this 
equivalence applies to particles of any sizes this approach is usually 
limited to motion in the Stokes regime | 1^©, , where viscous drag predo-- 
mlnsteSii The theoretical modeling of fiber aerodynamics becomes rather 
complex when slip corrections are required^^^ l,e*j when the aerodynamic 
dimensions of the particle approach the molecular mean free path of the 
gas ^trlK, At the other eKtremej when the fiber Reynolds number (referred 
■ o its diameter) exceeds the range from about 0.1 to 1, drag coefficient 
Gorr^etiona become significant*^^ 

In practice^ most particles of biological interastj including those 
of fibrous shapa^ fall well within the range covered by the Stokes model* 
Tije generally accepted theorecical model for the calculation of the equiv^ 
alent aerodynamic diameter of the fibers is based on the assumption that 



the fibers can be approximated by ellipsoids of revolution. This concept 
has also been used to predict the deposition of fibers in the human 
respiratory system.®^ 

Two extretne cases can be recogniEedi (1) motion of the ellipsoid 
(or fiber) along Its axis of revolution^ and (2) motion perpendicular to 
the axis of revolution. It should bo considered that the gravitational 
settling motion of any particle with three mutually perpendicular planes 
of syiainetry (auch as an ellipaold of revolution) will be Invariant during 
its descent, maintaining its Initial orientation through its fall tra- 
jectoryt In practice , however 3 asbestos fibers | for example, may not 
always be perfectly straight and th^ above-Tnentioned rule may not hold. 

As noted abovej acicular particles can be approKimated by ellipsoids 
of revolution falling under the action of gravity in either of two atti- 
cudes described under (1) and (^^^ or any intermediate angle with respect 
to the direction of motion. In general/ an acicular particle falling with 
its axis vertical will have a highei tmn ■ i velocity than the case when 
its axis is normal to the direction of rnotion, intermediate angles will 
exhibit intermediate velocities. 

Two equations represent the two extreme axis -^tcmotion angles defined 

above 



where D is the diameter of the sphere having the saffle settling velocity. 
L is the ellipsoid major axis length (or fiber length) 
d la the ellipsoid minor axia length (or fiber diameter) 
B is the length-to-dlamter ratio, L/d or aspect ratio* 



Equations (1) and (2) have also been eKpressed ai 
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which for the case % > > 1 can be approximated byi 
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respectively 

0;ic-s the value of D has been deCermlned for a given pui tide ^ and 
provided that the particles fall vertically (no laueral glide) and do not 
change their orientation during their vertical motion ^ D can be replaced 
in the classical Stokes equation for a spherical particle, in order to 
calculate its settling velocityi . 
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where V is the settling velocity 

M and M are the masses of the particle and the displaced gas, 
^- ■ . ■ •v-- respectivaly : ■ 

(M is usually negligibla) 



(7) 



g is the aGceleration of gTavlty 

n 1» the coefficient: of gas v±m.Laitf 



The rigorous equations preeen ted above weia .i.^lved fnr the typical 
deniity of asbestos fibers of 2.6 g/cm^ and for air Mt rit^indard candi- 
tionSi The raiulta are shown in Figure whic^^ is a plot of fiber 

settling velocity as a funccion of fiber lengf:h ^nd rilaineter for the two 
axia^'tO'nnotion orientationa tnentioned above, l^ese curves show that the 
settling velocity of fibers is only weakly dependent on fiber length but 
strongly dependent on fiber diameter , and that in the limit Cf? ^ the 
settling velacity for a vertical fiber is twice that of a horizontally 
falling fiber ^ 

In practicei for straight fibers the settling velocity will probably 
fall between the two extreme orlenw^i ' ton values, because the fiber axis 
will be changed randomly as a result of Bro^mian molecular bombardment 
and In the case of nonatagnant air conditions , by large-^acale turbulence , 
It la of Interest to note that for fibers whose diameter Is of the order 
of 0,1 ym J gravitational sedimentation occuro at the rate of only a f ei^ 
centlmetOTS par hourt even though their length may be as much as 100 
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Figure B^l, Fiber sat cling va loci ties as a funccior; 
of fiber length. 



APPENDIX C 
ASBESTOS SAOTLE COLLECTION 

BULK ASBESTOS SAMPLE COLLECTION 

A bulk saraple Is collected to detfS'mu- ■ whether the 
celling or other construction material CQntains any 
asbestos mineral* Use a small sealable glass or plastic 
capped container. Holding the container as far as 
possible from the face 3 obtain a full thickness core 
sample of the sprayed material by penetrating the sur-- 
face with the container using a twisting motion. Any 
surface coating such as paint on a cement materia! must 
be penetrated. The Gontainer Is then capped , wiped, 
and sealed with tapaV Labeling should include building 
identif icationp address, building type i sample source 
locationj and date. Disturbance of the material other 
than at the sampling point should be kept to a minimum, 
A respirator approved for asbestos dust will Insure pro- 
tection while parfonnirig this work. 
Repeat the procedure at several adjacent sites. 
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Approximate sample analysis costs for bulk raaterlal sampie: 

Method ApprOKimate cost 

Petroiraphic microscopy $25,00 - $1P0*00^ 
with dispersion staining 

X-ray diffraction $75,00 -$150,00 

^^Cast per sample generally varies with total numbar of 
saOTplei submitted i 

AIR SAMPLING FOR ASBESTOS FIBER 

This procedure is followed to astimate concentration 

levels of airborne fiber before, during and after a removal 

or encapsulation operation. The source method al^o iierves 

long-term amblent'=alr monlL racing requirements following a 

sealing operation or Installation of a barrier syacem.. 

The general procedure calls for drawing a known voluma of 

air through a membrana filter using a calibrated sampling 

pump. Procedural details suggastlng sampling timea and 

other parameters J and sources of equipment are available 

in the literature.®^ i^^s^®^^^ 

Analysis of the tnembrane filters can be carried out by 
either phase contrast Optical Microacopy or by ScaBntng 
or Transmission Electron Microscopy* While the former 
technique is less costly, the latter gives a more complete 
estimate of number and si^e of fibers present. The latter 
technique (EM) is especially valuable In distinguishiu[7 
mineral fiber from cellulose ^ glass fiber or other fibers 
which may be present in the material being removed* 



price range for asbestos fiber analygls in air sainplesp 

Me^thod A pproximate CQst 

Phase contrast optical $35,00 - $50.00 

microscopy (NIOSH Mechod) 

Electron Microscopy $300»00 - $500.00 

(SEM, T^) 

A list of laboratories accredited for phase contrast microscopy 
bestos counting (NIOSH) may be obtained from the American Industrial 
Hygiene Association, 66 South Miller Roadj Akron, Ohio 44313, 



APPENDIX D 

mcommBm decontamination procedure 

An adequate decontamination area consists of a serial ^arrangement 
connected rooms or spaces. All persons without w ^-^fsptltir^ nrjould pass 
through this decontamination area for entry intr a: :4 exit from the work 
area for any purpose. Parallel routes for entry or exit are not recom- 
mended; if such routes exist they will eventually be used, 

na DECONTAMrNATlON AREAS 

1 , Outside room - this room the worker leaves 
all fftreet clothes and dresses in clean working cli^theE 
(usually dispoaable coveralls)* Respiratory protection 
equipment is also picked up in this area. N o ashes tos con- " 
tamlnated items shou ld enter this room . Workers ent<ir this 
room either from outside the structure dressed in street 
clothes, Pr naked from the showers, 

2. Shower room : This is a separate room used for transit by 
cleanly dressed workero entering the job from the outside 
room, or by *^orkers headed for the ahowers aftisx undressing 
in the equipment room. 



3. Equipment rcom « contaminated area) : Work equipment^ foot^ 
wear, additional contaminated work clothing are left here. 
This Is a change and transit area for workers. 

4, Work area : The work area should be separated by polyethylene 
barriers from the equipment room. If the airborne asbestos 
level in the work area is expected to be high, as ii^ dry re- 
movals an additional interTnediate cleaning space may oe added 
beti^ean the equipment room and the work area, 

D.2 DECONTAMINATION SEQUENCE 

1- Worker enters outside room and reinoves clothing, puts on 
clean coveralls and respirator, and passes through into 
the equipment room, 
2* Any additional clothing and equipment left in dirty room 

required b/ the worker is put on, \ (Wien the work area is . _/ 
too cold for coveralls only, the worker will usually provide 
himself with additional warm garments * These must be treated ' 
as contaminated clothing 4nr! left in the decontamination 
unit. ) 

Worker proceeds to work areas 

Before leaving the work area, the worker should reniove all 
gross contamination and debris from the overalls. In prac^ 
tice this is usually carried out by one worker assisting 
another. ) 
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The wofKer pTOcfieds to equipment room and removee all 
clothing fiKcepc respiratory protictiori equipment* Ejctra 
work clothing may be stored in contaminated end of the unit. 
Disposable coveralls are placed in a bag for disposal with 
other matarial^ The worker then proceeds rapidly into the 
shower room. Respiratory protection equipment should be 
removed last to prevent inhalation of fibers during reniDval 
of contaminated clothing. 

After showeringi the worker moves to the clean room and 
dresses in either new coveralls for another entry or street 
clothes if leaving » 

Respirators are picked up^ cleaned and wrapped by protected 
workers in a separate area by washing. The respirators are 
then brought to the clean room by an outside worker, The 
cleaneri theTi exit through the shower untts as usual. 
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STRrPPtNG SEQUENCE FOR WET MD iU^ENDED WATER METHODS 
PREPARATION 

1, IsoLation of the work ^rea heating and ventilation system is 
carried out first to prevent cotitamination md fiber dispersal 
to pther areas of the stvuctura during stripping, 

2* The vork area Is preparad by removing as much furnlturG, 

equlpmant, and miscellaneQUs items as possible. Anything ra-- 
malalng should be sealed with polyethylene sheeting. It 
should be noted that in situations of deteriorating asbestos 
surfaces such activity may result In contact and reentrainmant 
contamination to significant levels, and personnel protection 
should be used, 

3, The removal area is isolated, restricting access according to 
OSHA regulations. This is done by sealing corridors and 
entry ways with polyethylane barriers* The decontatnlnatlon 
area should be set up at this time* 

4. Ra^Dval of celling mounted objects such as lights, partitions, 
and other flKtures should precede the actual asbestos removal 
operation. This will usually result In contact with the 
calling with potential significant exposure. Localized water 
spraying during flKture removal will reduce fiber dispersal* 



Asbestos removals Water spraying with respraying as required 
if dust occurs during removal of the material by dislodgement 
and scraping, (See Figure E-l). 

Removal of debris i Collectiori of the material and labelling 
according to OSRA regulations using sIk mil or heavier plastic 
bags* The use o£ SS-^gallon drums is strongly reconmerided as 
a Fecondary containment systeni for Che bags, (See Figure E-2), 
Gross clean up i A.11 debrla must be placed in bags and drunTOed 
for disposal, Spi*aying o£ fallen material may be required since 
higher counts are possible during this operation* Continued 
spraying of the fallen material Is recotmnendedi It should be 
noted that water-=saaked fall material left overnight can lose 
mucb of its water content due to evaporation, 

Repeated cycles of cleaning at Intervals is suggested to collect 
settled fibars* A minimum of Wo such cycles Is recomrnended 
with 24 hours intervals between^ 

Dlsppsal! Disposal should be in accordance with EPA guidelines* 
Special high cost hazardous waste material disposal services 
are usually not necessary if the sanitary landfill disposal 
area and procedures are performed within the EPA regulations. 
Stringent visual inspection of the removal site should be per- 
formed to insure adequacy and completeness of the remov^al 
procedure. 

Air samplings Airborne asbestos sampling should be performed 
both during and following aibeicos stripping operations* 
During stripping sampling in the removal work area, outside 
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Pigure E~L, Removal of asbes tor containing ceiling Mtefial. Nots uie 
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of heidgiar, coveralU and reipiratory protection, 
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containment barriers and within the decontatnlnatlDn area 
should adequately dactmine Che adequacy of coiitamlnatlon 
contifol- Air sampling will iupplement post-reiiioval visual 
inspections and eitablish the corapletenesg of the removal 
process, post-removal sampling during custodial activity 
is Biost likely to tevial residual contamination from 
settled fiberi. 



APPENDIX F 

SUGGESTED SPECIFICATIONS FOR ASBESTOS WMOSfhh 

The follow^ing are suggeated specif icatlonB which should be presented 
to a prospective contractor to determine whether a renovatioti or asbestDS 
removal job can be accomplished in a safe and satisfactory iflaTirier, 

1* DQCU mantatloti of Parf ormance in Asbestos Rgmovd^ 

a. The contractor shall furnish docutnentaciori of successful 
performance tn asbestos removal. This will Incltide natne 
and address of purchaser of service ^ location of ^ork 
performed J and a record or air monitoring for ashestos as 
required by OSHA 1910. lOOl. 

b. The contractor will have at all times in his possession 
at his office (one copy) and in view at the job site 
(□Tie copy), OSHA regulation 1910* 1001 s Asbestos , and 
Environmental Protection Agency 40 CFR Part 61^ subpart B* 
National Emission standard for asbestos, asbestos stripping 
work practices p and disposal of asbestos waste. 

2 * Sco pe of Work 

a. The contractor shall furnish all labor, materialaj services, 
insurance and equipment necaasary for the complete removal 
of all asbestos located at the site in accordance with the 



F-1 

103 



guidelines or regulations of the responsible state 
agency, EPA and OSHA, 
b. The contractor shall furnish proof that eiflployees 
have had Instruction on the dangers of asbestos ex- 
posures on regplrator use, decontaEilnationp and OSftA 
regulations* 

Worker's Dress and Equipmen t for Asbestoi Removal 

a. Work clothes will consist of full body coverallSj 
dispoaable head covers ^ boots j or sneakers j and respi- 
ratory protective equipment as requlr&d by OSHA regu- 
lations. Eye protection and hard hats should be avall-^ 
able as appropriate* 

b. Coveralls should be of a paper disposable type* 

c. Respiratory protection for workers shall be provided 

by the contractor as required by current OSHA regulation 
p g c on tgm in a 1 1 on 

All workers j without exception* 

a. Will change work clothes at designated areas prior to 
start of day^s work. Lockers or acceptable substitutes 
will be provided by the contractor for street and work 
clothes . 

b. All work clothes will be removed in the work area 
prior to departure from this area. Workers would then 
proceed to showers. Workers will shower before lunch 
and at the end of each day's work. Hot water, towers, 
soapi and hygienic conditiona are the responsibility of 
the Contractor. 



No smokingj eating or drinking is to take place once beyond 
the clean room at the job site. Prior to smoking , eating or 
drinUingi workers will fully deconcamiriate by showering, 
Each worker will then dress into a new clean disposable 
coverall to eastj smoke or drink# This new coverall can then 
be used to reenter the work area. 

Work footwear will remain inside work area until completion 
of the job, 

Pre-iAabeotog Removal, Preparation 

a. The contractor will thoroughly seal all openings and 
fiKtures including, but not iimited to^ heating and ven'- 
tilatlng ducts 5 sky lights ^ dpora, windows , and lighting 
with polyethylene taped securely in place. 

b. PQlyethylene sheets (6 mil minitnuTn) will be used to 
cover the entire floor and wall surfaces . 

G. The contractor will set up a decontamination facility in 
a predasigTiated area which will house the changing roomj 
shower area, and equipment area, 

d. Adequate toilet facilities should eKlst in the work area to 
avoid decontamination for this purpose. Where such facl-- 
litiei do not exist , the contraccor will provide portable 
service* 

e* Procedures will be written for evacuation of injured 
workers. Aid for' a seriously injured worker will not 
be delayed for reasons of deconCamlnatton* 



Methods of Agbestos Renioval 

^» The asbestos material will be sprayed with wgter 

containing an additive to enhance penetrtCion* The 
additive, or wetting agentj will be SO percent poly^^ 
ethylene ester and 50 percent polyoxyethylene ether 
at a concentration of 1 ounce per 5 gaLXons of w^atet* 
A fine spray of this solution must be applied to pr©'^ 
vent fiber disturbance preGedlng the removal of the 
asbestos material. The asbestos will be sufficiently 
saturated to prevent einlssion of airborne fibers in 
excess of the eKposure limits prescribed in the OSHA 
standards referenced in these specifications, 

b. Reinoval of the asbestos Tnaterial will be done in STnall 
sections with two^person teams , on staging platforcjs, 
if needed. The material will be packed into labeled 
6-mil plastic bags held t^ithln 55-gal drums prior to 
starting the neKt section to prevent the material froiti 
drying* 

c. Packed and sealed drums s ^^Ith the required labtling, 
will be delivered to a predesignated disposal site for 
burial* Labels and all necessary signs shall be in 
accordance with EPA and OSHA standards, 

d. Following removal j the entire area will be wet cleaned. 
After a 24-»hour period to allow for dust settling, the 
entire area will be wet cleaned again* During this 
settling period, no entry, activity, or ventilation will 



be aUowecl* Twenty-'Eour hours after the sGcond cleaning 
all surfacas in the entire work area will be thoroughly 
vacuuineci and wet mopped. 

Eg All polyethylene materials tapa, cleaning material j and 

clothing will be placed In plaitic-^lined drums, sealed and 
labeled as described above for the asbestos waste material. 

f. All equipment will be cleaned of aibestos material prior 
to leaving the work areai 

Air Monitoring 

a. Throughout the removal and cleaning operations, air sample 
monitoring will be conducted to ensure that the Contractor 
is coniplying with all codeSp regulations and ordinances. 
The method to be used is described in OSHA standards, 
1910, 93a, The air monitoring technician and his equipment 
will be subject to approval of the purchaser's reprasen-^ 
tative. Prior to the start of any work, the technician's 
method of rneasurement and proof that his method is approved 
by the Secretary of Labor of the United States will be 
submitted to the purchasers representatives for his approval* 

b. Air monitoring will be performed to provide the following 
samples during the period of asbestos removal: 



Area to be Number of Minimum sainple volume 

Work area 4 60 

Oucslde work area barriers 2 120 
Outside buHding 2 2^0 

Samples will be taken after the actual remDVal 

operation has begurit 

8 * Clean-up and Guarantee 

a. After che second cleanliig operation the following test 

should be performed i A complete visual inspectioii should 
be made to Insure dust free conditions, and two air 
samples within 48 hours after completion of all cleaning 
work should be taken* (Minimum volume of air sample 
240 liters), 

b# If noncompliance occurs, repeat claaning and meaaurenient 

until space is in compliance. Refer to 29 CFR 1910,1001, 7a, 
9* Disposal of As bestos M ater ial and Ra latad Debris 

a. All asbestoo materials and miscellaneous debris tn 
sealed drums will be transported to the predesignated 
disposal site in accordance with the guidelines of the 
U*S* Environmental Protection Agency* 

b. Workers unloading the sealed drums and tnachlnery opera torg 
will wear respirators when handling niaterial at the 
disposaL site , 



c. The bags may be dumped from the d^uiQiS icito the iur^al §Lt^' 
The druflis iQay be reused* However ^ Lt a bag Is Irolcen 
or damagads the entire drum should btJ^ie^. 
10, Ifs at any times the purchaser's tfs^tesenta tlvfe didd^ji 
that wozrk practice are vlolatliig pec^ ttnent ^egu.lat3.0n& ^ 
endangering workerSj he will inflnedi^telj^ no tif^ in i^ri-^t- 
ing the on-site contractor represent titiv/e t^gt ope^ati^Qiig 
will cease until corrective acclocits t^kstt • 

Figure F-L shows the general sequence whicH sliou^d b« fo llowed ia 

stos removal operatlorii 
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piistic barriir protect! byildlfig occy pints ff(^ tk Risptratr prptiets mriif during iibeitfiS rpoval. 




tfiHog isbiitoi wetted to decrease MbtitQi iMtiHil bllng Usdid In Sialgd bagi art irm^fUi tQ' 
ilrbgrnf fi bin during rifioyil prociii, approi/id cOntilnirs, sanitiry landfill f&r disposal i 



Figure F^h Sequsnci of stips In an isbeitDs lenoval opiratlorii 

ii'.' 



ERIC 



Content 

material handling and labelling^ and dis- 
posal regulations including site requirc^TienCi * 
Specifies the applicability of standard to 
stripping or removal of asbestos materials of 
more than 80 meters (260 feet) of covered pipe, 
or 15 square maters (160 iquare feet) of 
friable asbestos materials used to cover a 
structural mmr^QX^ 

Written notification to Regional EPA Admin- 
istrator is required 10 days prior to begin- 
ning of renovation (inforfflation to be pro-- 
vlded is listed) , 

Procedure to prfivent emissions are described i 
adequate wettings local exhaust ventilation 
systems i proper tnovement and Handlings and 
exceptions to wetting requirements. 
Spraying of over 1 percent asbestos material 
on structural merabers is prohibtted* 
Waste disposal methods in renovation shall 
not produce visible eraisslonsi waste ma- 
terial will be placed in locktight container 
while wet, and disposed of in sites in 
accordance with provisions of 151.25 
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Section Content 
161.25 Waste disposal sites This section contains regulations on 

emisBlons access restrictions ^ sign 
posting j and operatltig methods for 
asbestos waste disposal sites, 
Amandments to 40 CFR^ Part 61 have beeti proposed and are found in the 
Pedaral Register of Wednesday ^ March 2, 1977, The proposed aDiendment will 
resolve oertaln ambigultiea arid omisilons in the present standard. 

The applicability of regulations on renDvations, removing and strip- 
ping asbestos is broadened by deletion of phrases which limit application 
of ths regulaclon to aabestos sprayad for InsiilatloTi and flreprooflng 
only* The proposed changes would enable the terms to cover all sprayed 
friable asbestos material , for whatever the Intended purpose. 

The amendment also clarifies the dsflnitlon of structural mainber, 
and spectficaHy includes nonload-suppottlng members such as ceilings and 
walls in the scope of the regulation. 
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OCCUPATIONAL SAFETY AND HEALTH ADWINISTRATION REGULATIONS 
PERTAINING TO ASBESTOS 

AppltcatLe regulations of the Occupational Safety and Health Admin- 
istifatlori Ui S, Department of Labor are cotitslned in Title 29, Code of 
Pedatal RigulattorLS^ Part 1910. Regulatioiis specific to asbestos removal 
or stripping ate contained in Section 1910,1001 et seg^ and are sunmiarized 
below^j 

Sect ion 1910.1001 Content 

(a) Lists deftiittlons. Definitions of asbestos and asbes- 

tos fibers, mizm litDitatlon oi 
5 mcroineters or longer. 

(b) Siti limits for permissible Eight^hour time-TOiehted average 
exposure to airborne con-- 
centrations of asbestos 
f iberg, 

(c) Methods of compliance 
r.ecoiomand ffiethods to 
Met limits for eKposure* 



TVAi tw fibers p logger than 5 
fflicxfometers t per cubic centimeter 
of air (f/cm^), MaKimuni concen-- 
crationsi 10 f/crfl^, 
CU Engineering methods* isolation ^ 
enclosure, ventilation^ dust col-- 
Liction should be used to meet the 
exposure limits* 
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section 1910.1001 



(di) personal protective equip" 
mant is specified for 
various conditions. 



Content 

(2) Worker protectioni Wet mechods 
will be used I insofar as practicable^ 
to ptevetit the emission of fibers 
in excess of the limits, 
(2)(lii) This section lists speci- 
fic requirements for both respita-' 
toty protection and special cloching 
for removal workers . 
Respiratory protective equipment 
and special clothing are required 
whenever the eacposure llmlti cari 
reasonably be eKpected to be 
ceeded. Equipment approved by the 
agency is referenced. 
Respiratory protections 
(d)C2)(i) Concentrations up to 
10 times the allowable limit 
(20 f/cm3 TWA, or 100 f/cm^ ceilitig 
limit) I air purifying resplratOT. 
(d)(2)(ii) Concentrations up to 
100 times the limit (200 f/cffl3 TWA* 
or 1000 f/cm^ ceiling limits) re- 
quire pov/ered air purifying respirator 
(d)C2)(lil) Conaentrationi above 
100 times the limit require type ''C'' 
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Section 19_10a00i 



(e) Method of measuremeiit of 
fiber concentrations is 
defined. 

(f) Specific procedutea of 
measurement and inonitoTlng, 

(g) Caution signs and lubQls 
are defined. 

(h) Housekeeping to reduce 
€3Cposure and waste die- 
posal fflethods are 
described, 
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Content 

supplied air respirator, continuous 
flow or pregaure deiaand alass. 
(d) (3) SpeciaL clothing shal.l be 
provided 1£ llalta are eKceeded. 
Includes coveralLs, head coverings , 
foot coverings* 

When clothing taqulrement ia metj 
laundering service or disposal 
should be provided* 
Determinations of airborne concen- 
trations of flsbeatoa fibers shall 
be made by the meiibrane filter col- 
lection ffiathod with phase contrast 
niicroscopy , 

Personnel monitoring , environmental 
monitoring and frequency of moni^ 
toring are covered. 
Specifications and use of signs are 

outlined. Posting of work sites 
and use of caution labels on asbestos 
inaterial are described. 
Cleaning of all objects of accumu- 
lated asbeacos debrle, and sealing in 
Impermeable^ sealed containers. 



Section 1910,1001 Content 
(i) Specifies recordkeeping and Employer records on exposure. Time 
requirements for main^ requirements and record disposition 

tenance and retention of are covered. Records of monitoring 
records, should be retained for 3 years, 

(j) Lists medical eKaminatlon Applicability s specific requlreMnts, 
requirements, frequency of medical ay^aluatioris . 

Annual and termination eKattinatlon 
requirements are listed, 
A notice of proposed of rule=making for occupational exposure to as- 
bestos (29 DFT Part 1910) Is found in the Federal Register, Thursday, 
October 9i 1975, The major issues relevant to removal and stripping oper- 
ations containad In this proposal arei 

1, Lowering of the exposure limits to 0.5 f/cm^ TWA and lowering 

of the celling limit to 5 f/cm^. Celling concentration sampling 
time is defined as a period up to 15 minutes, 
2* The applicability of the standards to transient work forces, 
such as those found in demolition and removal Is discussed* 
This reflects a concern for exposures in work places of a non= 
flKed nature, and resolves the ambiguities in this area* 

3, No one type of respiratory protection is required Irx renioval 
or stripping activities ^ but Is in proportion to anticipated 
concentrations of asbestos* 

4, The regulated area concept is introduced as any work area where 
a person may be exposed to airborne concentrations of asbestos 
fibers in eKcess of the limits imposed. 



5. 



Decontamination by ihowerlng is requlrsdi 



6. An employee informatloii and trainlTig prografli is required* 



A revised reconffiiended asbeatoa standard w^m promulgated by NIOSK in 
December 1976, The recomnended exposure level In thi^ document Is 0,1 f/cm^ 
8--hour TWA with celling concentrations not to exceed 0/5 f/cm- based on 
a 15*ffllnute sample. The essential purpose of this reduction is to ma-= 
terially reduce the risk of agbestos-- induced cancer. The analytical Cech- 
ntque of phase contrast microscopy is retained Iti this recoMiended standard. 
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U.Si ENVIRONMENTAL PROTECTION AGENCY AND 
OCCUPATlONAt SAFETY AND HEALTH ADMINISTRATION 

EPA REGIONAL OIFICES 



Region I 

Connecticut I Mainei Masaachuaetts , 
New Hampshire j Rhoda Island and 
Verniorit 

John Ft Kennedy Federal Building 
Room 2303 

Bosconi Massachusetts 02203 
(617) 223-7210 

Region II 

New Yorkj New Jersey, Puerto RicOj 

Virgin la landg, and Canal Zone 

Federal Office Building 

26 Federal Pla^a 

Ne^ York, New York 10007 

(212) 264-'2525 

Rtgion III 

Delavarei District of Cplumbiai 

Mary land j Fenniylvaniai Virginia , 

and West Virginia 

Curtis Building 

SiKth and Walnut Streets 

Philadelphia, Pannsylvania 19106 

(215) 597-^9814 

Region IV 

Alabama^ Floridai Georgia, Kentucky, 
Mlssiisippi^ North Carolina, South 
Carolina, and Tennesiee 
345 Courtland St., NE 
Atlanta, Georgia 30308 
(404) 881-^4727 



Region V 

Illinois I Indianas Minnesota , Michi-- 
gan, Ohio, and Wisconsin 
230 South Dearborn 
Chicago, Illinois 60604 
(312) 353-2000 

Region VI 

Arkansas^ Louisiana, New MeKicOi 

Oklahoma I and Tessas 

First Incernational Building 

1201 Elm Street 

Dallas, Texas 75270 

(214) 749-1962 

Region VII 

lowdj Kanaag, Missouri j and Nebraska 
1735 Baltimore Avenue 
Kansas City, Missouri 64108 
(816) 374-5493 

Region VIII 

ColoradOj Montanej North Dakota, 
South Dakota, Utah, and Wyoming 
1860 Lincoln Street 
Denver, Colorado 80295 
(303) 837-^3895 

Region IX 

Arizona J Californiaj Hawaii , Nevada ^ 

Guam, American Samoa , Trust Territory 

of the Pacific 

100 California Street 

San Francisco, California 94111 

(415) 556-2320 
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RegLon X 

Alaika, IdahOj Oregorij Washington 
1200 SiKth Avenue 
Seattle, Washington 98101 
(206) 642-1220 



DEPARTMENt OF LABOR 
OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION 



REGIONAL OFFICES^ 



Ragion I 

Conneccicuti Mainaj Maisachusetts j Ne^ Hampshirej Rhode Island and Vermont 
John F, Kennedy Paderal Building 
Government Center 
Room 1804 

Boston, Nassachusetts 02203 
(617) 223^6712/3 

Region II 

Nev York, New Jersey, PuertD Rico, Virgin Islands, and Canal 2one 
1515 Broadvay 
(1 Astor Fla^a) 
Room 3445 

New York, New York 10036 
(212) 399-5941 

Region III 

Delaware^ District of Columbiflj Marylandi Pennsylvania , Virginia, and 

West Virginia 

Suite 2100 

Gateway Building 

3535 Market Street 

Phi lade Ijphia, Pennsylvania 19104 

(215) 596-1201 

Ragion IV 

Alabama, Florida, Geoifgia, Kentucky, Mississippi , North Carolina, South 
Carolina, and Tennessee 
Suite 587 

1375 Peaehtree Bt^, NE 
Atlanta, Georgia 30309 
(404) 881-3573 



The regional offices should be contacted to find the area office nearest 
you • 
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Region V 

Illinois, Indiana, MiTinesota, Michigan, Ohioj and Wigconsin 
Room 3263 

230 S. Dearborn Street 
Chicago^ Illinoia 60604 
(312) 353-4716/7 

Region VI 

ArkanaaSj Louisiana, New Mexico , Oklahotnaj and Texas 
Room 602 

555 Griffin Squaife Building 
Dallas, Texas 75202 
(214) 749-2477 

Region VII 

lovaj Kansas^ Missouri ^ and Nebraska 

Room 3000 

911 Walnut Street 

Kansas Cityi Mo, 64106 

(816) 374-5861 

Region VIII 

Colorado, Montana j North Dakota ^ South Pakota, Utahj and Wyoming 

RoDtn 15010 

Federal Building 

19&1 Stout Street 

Denver, Colorado 80294 

(30 3) 387-^3883 

Region IX 

Afisofiaj California, Hawaii, Nevada, Guamj American Samoa g and 

Trust Territory of the Pacific 

P,0, Box 36017 

9470 Federal Building 

450 Golden Gate Ave, 

San Francisco, California 94102 

(415) 556--0586 

Region X 

Alaska, Idaho, Oregon, and Washington 
Room 6048 

Federal Office Building 
909 First Avenue 
Seattle, Washington 98174 
(206) 442-5930 
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APPENrDlX J 



COMMERCIAL SOURCES OF MATERIALS, AND EQUIPMENT 
FOR ASBESTOS REMOVAL OPERATIONS 

AIR SAMPLING PUMPS 



I* Bendix 

Environmental Science Division 
1400 Taylor Avenue 
Baltimore, Maryland 21204 

2. Millipore Corporation 

Bedfordj Massachusetts 01730 

3* Mine Safety Appliance Company 
201 North Braddock Avenue 
Pittsburgh Pennsylvania 15208 

4* National Environmental Inatruments, Inc^ 
P.O. BoK 590 

Warwick^ Rhode Island 02888 

5* Willson Products Division 
ESB Incorporated 
P,0, Box 622 

Readingj Pennsylvania 19603 
VACUUMS I INDUSTRIAL HEPA FILTERED 



1, American Cleaning Equipment Corporation 
111 South Route 53 
Addison, Illinois 60101 

%. NILFISK o£ America, Inc. 
P.O. Box 713 
201 King Manor Drive 
Ring of Prussia^ Pennsylvania 19406 

Note I It is recognised that iquipment and services other than thoie cited 

in this rapoi't may be available. Mention of company of product names 
is not to be considered an endor^ament by the authors* 
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